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The Committee on Toxicity (COT) evaluates chemicals for their potential to harm
human health. Evaluations are carried out at the request of the Food Standards
Agency, Department of Health, Health Protection Agency and other Government
Departments including the Regulatory Authorities, and are published as statements on
the Internet. Details of membership, agendas and minutes are also published on the
Internet.

2008 has been another busy year for the Committee with agreement of nine
statements. These cover diverse topics, including research on mixtures of certain food additives and on the
reproductive effects of caffeine; risks from the presence in food of chemicals such as pyrrolizidine alkaloids
and various metals and trace elements; residues in meat and dairy products from animals that have eaten
bracken; and chlorinated disinfection by-products in drinking water. We also undertook a review of the
evidence relating to the role of exposure to peanut in early life in development of peanut allergy. Advice
was given on a number of approaches to toxicity testing and risk assessment, including for nanomaterial
toxicology, tobacco products and contaminated land. The Committee held a highly successful scientific
workshop on transgenerational epigenetics, which was attended by scientists from academia and industry
and other interested individuals. A report of the workshop is included in this report.

I became chair of the COT in April 2008, having previously been a member, and I have found it interesting
and rewarding to become more involved in the Committee’s varied programme of work, and also to serve as
a member of the Food Standards Agency General Advisory Committee on Science. I would like to thank my
predecessor, Professor Ieuan Hughes, who completed his term of office at the end of March 2008, and all of
the Committee members for their valuable contributions to the work of the COT. I would also like to add
my thanks and appreciation for the work carried out by the administrative and scientific secretariats
without whom the Committee would not be able to function.

Professor David Coggon (Chairman)
OBE MA PhD DM FRCP FFOM FFPH FMedSci
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COT evaluations

Air fresheners

Introduction and background

1.1 During the 2007 horizon-scanning exercise, members asked for a review of exposure data on air
fresheners and information on potential respiratory effects. To explore this further, an overview of
the published scientific literature was presented to the Committee which focussed on whether the
use of air fresheners was associated with adverse respiratory effects.

1.2 Air freshener products can include incense, natural products, scented candles, aerosols, liquid
fresheners, electric diffusers and gels. Air fresheners can release volatile organic chemicals (VOCs)
which include aromatic hydrocarbons such as xylenes, dichlorobenzenes, terpenes, alcohols, aldehydes
and esters, as well as fine and ultrafine particulates. The VOCs released by air fresheners can also
react with ozone to produce respiratory irritants such as formaldehyde. The chemistry of such
reactions is complex and highly variable depending on the conditions of use. Other products such as
cleaning agents may also contain the same VOCs as air fresheners, including those which react with
ozone.

Exposed and vulnerable groups

1.3 Adults and children within the home are exposed to substances from air fresheners largely by
inhalation, though dermal and ocular exposure to solid or liquid air fresheners may occur. Accidental
ingestion by children has also been reported. Potentially susceptible groups might include children and
those who are asthmatic, have other respiratory illness or disease or who are otherwise sensitive to
chemicals/odorants.

1.4 The data on the pattern and extent of air freshener use and, in particular, the magnitude of exposure
to particular VOCs or particulates are limited, though limited evidence suggested that exposure to
these substances from cleaning products may be higher than from air fresheners.

Adverse effects

1.5 The data linking exposure to air fresheners to adverse respiratory effects in humans are limited.
Descriptive studies have reported adverse health effects in individuals following exposure to air
fresheners but these studies have not provided exposure data, excluded effects of cleaning products
or provided information on symptoms in control subjects. Data from the Avon Longitudinal Study of
Parents and Children (ALSPAC) did not find an association between air freshener use and respiratory
effects amongst mothers of infants post-partum. However, data from this study indicated an
association between high maternal chemical body burden and persistent wheezing during childhood,
though the proportion of the chemical burden attributable to air freshener use, if any, was unknown.
Other explanations for this finding are also possible, including the “hygiene hypothesis”. It was noted
that exposure patterns are likely to have changed since the children in the ALSPAC cohort were born
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and the observed associations with respiratory function might be confounded by differences in
cleanliness in the houses of the study group. VOCs from indoor air (all sources combined) are linked
to adverse respiratory effects.

1.6 Limited animal data were also available indicating that one solid air freshener product was associated
with possible sensory irritation and that high levels of the terpene d-limonene found in household
products including air fresheners, resulted in pulmonary irritation.

Conclusion

1.7 It was not possible to reach any specific conclusion on the potential for adverse respiratory effects
arising from the use of air fresheners. To assist in the interpretation of future studies, it was important
to try to define the nature and extent of VOC exposure attributable to air fresheners and other
consumer products, and to try to distinguish between product categories.

Future action

1.8 It was noted that the Committee on the Medical Effects of Air Pollutants (COMEAP) Subgroup on
Asthma were reviewing all relevant data on VOCs including air fresheners, and the Committee’s
comments would be forwarded to them for consideration.

Bracken - Risk to consumers from eating foods derived from animals that
had eaten bracken
1.9 Several cases of poisoning of food-producing animals as a result of eating bracken had been reported

to the Veterinary Laboratories Agency. These cases had been discussed in July 2007 at the
interdepartmental Quarterly Review of Incidents where it was noted that the foods derived from
bracken- exposed animals could contain residues of carcinogenic substances from bracken. The
Committee was asked to comment on the risk to consumers from eating foods derived from bracken-
exposed animals and to advise the FSA on measures that might be taken to protect consumers. The
Committee considered the available information on bracken and its constituent chemicals and
subsequently prepared a Statement on the Risk to Consumers of Eating Foods Derived from Animals
that had Eaten Bracken.

1.10 It was concluded that bracken contains some genotoxic or possibly genotoxic substances, including
ptaquiloside, kaempferol and shikimic acid, and that it would be prudent to regard bracken and at least
one of its constituents (ptaquiloside) as being potentially carcinogenic to humans at all levels of
ingestion. Furthermore it was noted that ptaquiloside from bracken ingested by food-producing
animals can be passed into milk or edible tissues that might be consumed by humans. It was
recommended that the level of consumer exposure to ptaquiloside and other bracken-derived
genotoxic substances should be kept as low as reasonably practicable (ALARP). It was considered that
the concentration of ptaquiloside in milk should have depleted to tolerably low levels after a bracken-
poisoned cow had been on a bracken-free diet for at least 4 days. However, the available evidence did
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not provide a basis for estimating how long it would take for the amounts of ptaquiloside in meat and
offal of bracken-exposed animals to decline to tolerable levels.

1.11 The COT statement is included at the end of this report.

Children’s Environment and Health Strategy for the UK Consultation
1.12 Members were invited to comment on the document “A Children’s Environment and Health Strategy

for the UK” that had been put out for consultation by the Health Protection Agency (HPA).
Suggestions for additional areas of relevance included the possible effect of use of biocides in the
home on indoor asthma, the possible effects of mobile phone use on intellectual development, the
adverse effects of endocrine disrupters, peanut allergy, and nutritional problems in ethnic minority
communities. Aspects of toxicology that could be discussed in the document included
neurodevelopmental toxicology and other lifelong effects resulting from exposures to chemicals in
early life. Members also suggested that the document could indicate the areas where the greatest
impact can be made to improve the health of children. These suggestions were forwarded to the
consultation.

Chlorination disinfection by-products and risk of congenital anomalies in
England and Wales – new SAHSU study
1.13 The COT had previously provided advice in 1998, 2001 and 2004 on the findings of epidemiological

studies on chlorinated drinking water and reproductive outcomes.

1.14 In 2008 the Small Area Health Statistics Unit (SAHSU) completed phase 2 of its research – an
epidemiological study on chlorinated drinking water and congenital anomalies. The COT considered
the findings of this phase 2 study together with additional epidemiological studies relevant to
congenital anomalies and other adverse reproductive outcomes.

1.15 The Committee agreed that the phase 2 study showed no association between congenital anomalies
and chlorination disinfection by-products. The Committee also agreed that the additional data
provided did not show a convincing or consistent relationship between chlorinated drinking water and
adverse pregnancy outcomes.

1.16 The COT statement is included at the end of this report.

Contaminants in soil
1.17 In 2001, the COT provided advice on a framework for assessing the possible risks to human health

associated with long-term exposure to chemical contaminants in soil, based upon the Contaminated
Land Exposure Assessment (CLEA) model. In 2008, the Environment Agency in conjunction with the
HPA and Food Standards Agency (FSA), and at the request of the Department for Environment, Food
and Rural Affairs (Defra), updated this framework guidance.
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1.18 The Committee evaluated one of the revised contaminated land framework guidance reports, “Human
health toxicological assessment of contaminants in soil”. The report aimed to provide support to local
authorities and others in assessing and managing the risks to public health posed by land
contamination. It described approaches to identifying levels of contamination that would be
considered tolerable for those contaminants for which a threshold of effect is assumed, based on a
Tolerable Daily Intake, or as posing a minimal risk from non-threshold contaminants, based on a Margin
of Exposure (MOE) approach.

1.19 The Environment Agency asked for the opinion of the COT on the technical content and toxicological
approach proposed within the TOX Guidance Report.

1.20 The COC chair had confirmed that the approach attempted to be as consistent as possible with
current COC advice. The Committee agreed that it would be preferable to use the BMD10 and MOE
approach to assess compounds with non-threshold toxicity. Despite the report being one of a pair of
reports, with the other one describing exposure modelling, Members agreed that there were other
routes of exposure that needed to be included. The Committee also highlighted that the use of the
As Low As Reasonably Practicable (ALARP) principle needed to be considered earlier in the report; and
that clarity was needed regarding non-threshold toxicity as the report assumed that the interaction
with DNA but not necessarily the adverse effect was non-threshold. It was agreed that the
epidemiologists of the COC would be consulted for further comment.

1.21 The report was published by the Environment Agency in August 2008.

Dioxin research
1.22 Following up on the discussions during 2007 of FSA-funded research on developmental effects of

dioxins in rats (page 7, 2007 Annual Report), the Committee received a presentation from Dr D Bell on
additional pre-publication results of investigating interspecies differences in the aryl hydrocarbon
receptor (AhR).

Mixtures of food additives
1.23 At its meetings in April, May and July 2008, the COT discussed the results of an FSA-funded study on

mixtures of food additives. In a report in 2002 the COT made recommendations on approaches to risk
assessment of mixtures of pesticides and similar substances and in 2004 it considered whether these
could be applied to mixtures of additives and contaminants and outlined other approaches used for
assessing mixtures of additives and contaminants. The COT also commented on the Draft guidance
document on “Chemical mixtures: a framework for assessing risks” prepared by the Interdepartmental
Group on Health Risks from Chemicals (IGHRC).

1.24 The Committee received a presentation by the researchers. Members considered that the study, which
was substantial and complex, was carried out to high technical standards. However, at the doses
studied, no overt toxicity was observed with the four additives either individually or in combination.
Without using dose levels that demonstrate relevant toxicity, or being able to extrapolate to such
levels, it was not possible to interpret the results of the transcriptomics studies with respect to
implications for risk assessment.
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1.25 The Committee concluded that the new research did not raise concerns that combined exposure to
the four compounds tested would pose a risk to health at doses individually below Acceptable Daily
Intakes.

1.26 The COT recommended further work to determine the applicability of transcriptomics in risk
assessment of mixtures.

1.27 The COT statement is included at the end of this report.

Nanotechnologies in the food and feed area – comments on the
European Food Safety Authority opinion on risk assessment
1.28 In 2007 The European Commission asked the European Food Safety Authority (EFSA) to produce a

scientific opinion on the need for specific risk assessment approaches for technologies/processes and
applications of nanoscience and nanotechnologies in the food and feed area. In doing this EFSA was
required to consider existing national and international evaluations of risk assessment nanomaterials.
EFSA was also asked to identify the nature of the possible hazards associated with actual and foreseen
applications in the food and feed area and to provide general guidance on data needed for the risk
assessment of such technologies and applications.

1.29 In October 2008 EFSA published for public consultation a draft opinion on nanotechnology in food
and feed that had been compiled by its Scientific Committee. The COT and the Advisory Committee
on Novel Foods and Processes (ACNFP) were consulted on the contents of the draft opinion at their
November meetings. In addition the COM and COC were consulted by correspondence.

1.30 The draft opinion considered that the traditional risk assessment paradigm is an appropriate starting
point to address the additional safety concerns that may arise due to the characteristics of
nanomaterials and “it is the view of the Scientific Committee that this is also appropriate in the food
and feed area”. This risk assessment strategy was similar to those outlined earlier in a joint statement
by the COT, COC and COM in 2005 and in opinions by the EU Scientific Committee on Emerging and
Newly Identified Health Risks (SCHENIR) in 2006 and 2007.

1.31 The opinion was considered to be a very good summary of available information. There was a lack of
data on biological effects of nanoparticles following oral exposure. Members were disappointed that
there appeared to have been only limited developments in the available data in the three years since
the COT review of this area. The COT noted the regulatory challenge resulting from the mutable
surface characteristics of nanoparticles, which might require increased testing of products rather than
ingredients. The COT suggested that the opinion should provide more guidance on the use of the
different dose metrics described. The COT agreed with the opinion that there were fundamental
differences in the biological effects of soluble and insoluble nanoparticles.

1.32 The comments from the COT together with those from the ACNFP provided significant inputs into
the FSA response to the public consultation on the opinion.
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Nephropathy observed in a 2-year carcinogenicity study
1.33 As part of an update by the Environment Agency of its technical guidance on assessing the human health

risks posed by contaminants in soil, a series of reports that review the toxicology of chemicals identified
as priority contaminants are being produced. These toxicological reports provide a synopsis of the
available expert reviews by national and international organisations, and from these reviews, identify an
appropriate health-based guidance value from which a soil guideline value (SGV) may be derived.

1.34 For ethylbenzene, several organisations had differed in their interpretation of data and treatment of
uncertainties, and therefore, the EA had been unable to identify an appropriate health-based guidance
value for inhalation exposure. The most sensitive effect had been suggested to be nephropathy seen
in female rats in a 2-year carcinogenicity study conducted by the US National Toxicology Program
(NTP). The Committee was asked to advise on the interpretation of the NTP study results, and on an
appropriate uncertainty factor to be used in the derivation of a health-based guidance value.

1.35 The Committee concluded that the NTP rat study indicated a LOAEL of 750 ppm (3225 mg/m3) and a
NOAEL of 250 ppm (1075 mg/m3) for renal tubule hyperplasia. It was noted that the NTP study also
identified pituitary hyperplasia in female mice exposed to 750 ppm (3225 mg/m3) and to 250 ppm
(1075 mg/m3). However, the data provided were not sufficient for the Committee to be able to make
an assessment of this.

1.36 The Committee agreed that adjustment of the NOAEL for continuous exposure would be appropriate
in the absence of any toxicokinetic data, as this would be a conservative approach. The standard
uncertainty factor of 100 should be used with the adjusted NOAEL to derive a health-based guidance
value. Benchmark dose modelling of the data would be an appropriate alternative and the same
adjustment and uncertainty factors could be applied to a BMDL101.

Peanut avoidance - review of the 1998 COT recommendations on
1.37 Peanut allergy is a serious health problem among UK children, with recent estimates of prevalence

suggesting that between 0.2 and 1.8% of children may be affected. Unlike certain other food allergies,
peanut allergy commonly persists throughout life, and the only means of managing the condition
currently is avoidance of peanut and peanut products.

1.38 In view of the particular severity of allergic reactions to peanut (including anaphylaxis) and the
possibility that the prevalence of this allergy was increasing, the COT convened a Working Group in
1996. The aim was to review the scientific evidence on peanut allergy and to advise on whether there
was an association between early exposure to peanuts/peanut products and the incidence of peanut
allergy in later life. The conclusions of that previous review were that there was some support for the
suggestion that the development of peanut allergy in infants can result from exposure in utero or
during lactation, but that the available data were inconclusive. With regard to the mechanism of
sensitisation and allergy, however, a link between peanut consumption by pregnant and lactating
women and the incidence of peanut allergy in the child was considered possible. On this basis, it was
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decided that it would be unwise to discount the possibility of sensitisation of offspring resulting from
exposure of the mother. Another major factor considered by the Working Group was that many
children were reported to display reactions to peanut following their first known dietary exposure.

1.39 On the basis of the available scientific evidence in 1998, the COT Working Group had issued a number
of dietary recommendations, on a precautionary basis. These were aimed at pregnant women and
mothers of infants considered at higher risk of developing peanut allergy (i.e. those from atopic
backgrounds) and advised that mothers of these high-risk infants may wish to avoid peanuts during
pregnancy and whilst breastfeeding, and to delay introduction of peanut into their child’s diet until
3 years of age. The COT had also made recommendations for further research in a number of areas in
order to progress the state of scientific knowledge.

1.40 Since 1998, several studies have been published on the subject of sensitisation and allergy to foods in
relation to early life dietary (and non-dietary) exposures, some of these funded by the Food Standards
Agency. In addition, several unpublished and preliminary studies have reported results which suggest
that exposure to peanut in early life is associated with a lower incidence of peanut allergy. This has
led to the emergence of a new hypothesis, that early exposure to peanut might result in tolerance
rather than allergy to peanut.

1.41 There was a need to assess the current state of scientific knowledge in this area and, based on the
available evidence, to re-consider whether the 1998 COT recommendations remain appropriate.

1.42 To facilitate the COT evaluation, in September 2007 the Food Standards Agency commissioned a
literature review of studies that had been published since 1998 on the early life patterns of exposure
to, and avoidance of, food allergens and later development of sensitisation and clinical food allergy,
with particular reference to peanut. During the COT horizon scanning discussion in February 2008,
Members commented on the scope and content of the literature review and discussed suitable
scientific experts in the fields of allergy and paediatric immunology who could form part of an
advisory group that could help with the review.

1.43 The contractors of the review presented their findings to the COT at the July Meeting, and COT
members assisted by 4 invited experts on allergic disease, discussed the review in detail. A number of
provisional specific conclusions about the scientific evidence were reached at the July meeting and a
COT Statement was agreed at the October 2008 meeting.

1.44 The COT statement is included at the end of this report.

Pyrrolizidine alkaloids in food
1.45 Pyrrolizidine alkaloids (PAs) are a large group of natural toxins produced by plants, several of which are

known to be highly hepatotoxic and have been shown to be carcinogenic in rats. They have been
associated with a number of livestock diseases and with cases of human poisoning following
consumption of herbal remedies or after contamination of staple foods. There is also potential for PAs
to be transferred to other food products such as honey, milk, eggs and offal.



14

1.46 In 2007, the report of an FSA-funded project on PAs in honey from borage and ragwort was published.
This report was provided to the Committee along with a number of risk assessments of PAs from
other countries. The COT was asked for its view on the risk assessment of PAs in food and whether it
considered potential human exposure, particularly via honey and milk, to be of concern. To support
the COT assessment, the COC evaluated the carcinogenicity of PAs.

1.47 The COT derived a guidance value for non-cancer effects of 0.1 μg/kg b.w./day of riddelliine
equivalents (with LD50 values used to convert other PAs to riddelliine equivalents). The COC
recommended that PAs should be assessed for carcinogenicity as a cumulative assessment group using
the BMDL10 derived from a carcinogenicity study on lasiocarpine with an adequate MOE. Allowing for
an MOE of at least 10,000, the COT concluded that PA doses of up to 0.007 μg /kg b.w./day are
unlikely to be of concern for cancer risk. Such doses would also not be expected to result in
non-cancer effects.

1.48 The COT statement is included at the end of this report.

Reproductive effects of caffeine
1.49 At its meetings in December 2007 and February, April and July 2008, the COT discussed the

reproductive health effects of caffeine, including the results of an FSA-funded study on effects of
caffeine consumption in pregnancy on fetal growth restriction. The Committee previously considered
possible adverse effects of caffeine consumption on reproduction in 2001 and issued a statement at
that time (COT 2001/06).

1.50 In light of the Committee’s conclusions in 2001, the FSA issued advice that caffeine intake during
pregnancy should be limited to not more than 300 mg/day and offered guidance on amounts of
caffeine in different foods and drinks. In addition, the Agency commissioned a prospective study,
involving around 2500 pregnant women, in order to reduce uncertainties in the risk assessment and
provide a more robust basis for the Agency’s advice to pregnant women on caffeine consumption.

1.51 The Committee considered the results of this FSA-funded research and a review of the relevant
literature on reproductive effects of caffeine published since 2001.

1.51 The Committee concluded that the available evidence did not indicate a threshold level of caffeine
intake below which there was no elevation of risk, and that it seemed likely that risk is increased in
association with intakes in the order of 200 mg per day and perhaps even lower.

1.52 The COT statement is included at the end of this report.

Tobacco products
1.53 The Committee considered a discussion paper which presented a preliminary review of published

literature on the toxicological evaluation of tobacco, ingredients and additives used in the
manufacture of tobacco, and its emission products. The paper was intended to act as a scoping paper
for a systematic review of the literature, with a view to updating the 2004 joint COT/COC/COM
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statement on the re-assessment of the toxicological testing of tobacco products. The paper discussed
a number of modified toxicological tests, and the COT was asked to identify the limitations of the
tests reviewed and to identify particular areas or tests for further literature searching and evaluation.
Results based on modified tests were submitted by tobacco manufacturers to regulatory agencies in
compliance with the European directive on tobacco products (2001/37/EC).

1.55 Currently, there are no adequate and reliable methods by which to assess the contribution of
individual ingredients and additives to the toxicity of tobacco smoke or to evaluate the total toxicity
of tobacco products. Furthermore, there are no internationally agreed approaches to the hazard
assessment of tobacco products but the EU, and consequently the UK, require submission of
toxicological data for regulatory purposes if such data are available.

1.56 The Committee commented that the tests may be scientifically valid for product comparison but that
extrapolation of the results, particularly of some of the in vitro tests, to human exposure was not
possible. All tobacco products are harmful and the Committee queried whether there was any
evidence that data from toxicological testing of tobacco products could differentiate usefully
between different products.

1.57 The Committee advised that smokers be encouraged to quit smoking or not start in the first place.
Efforts to make products less harmful might be appropriate but members were concerned that the
results of these tests would be used to support claims of reduced health risk, which might be invalid.
In addition, the Committee recognised that there might be interest from the tobacco industry in
introducing new ways of inducing people to use or keep using tobacco products.

1.58 The Committee confirmed a conclusion from the 2004 joint Committee Statement that it was not
possible to compare tobacco products for risk to human health without reliable biomarkers for all
chronic diseases associated with tobacco use. There had been a considerable increase in the number
of publications from tobacco manufacturers on the development of new toxicological testing
methods and adaptation of existing methods, but members considered that there had been an
overemphasis on mutagenicity testing. It was also important to derive methods that would permit the
comparison of risks related to tumour promotion and diseases of the cardiovascular and pulmonary
system. The Committee observed that there had been an increase in the use of in vitro cytotoxicity
tests and the number of endpoints studied. The 2004 joint statement had indicated that some
product comparisons could be undertaken based on in vitro cytotoxicity tests but also that the
results of such tests could not be extrapolated to in vivo.

1.59 Further review work would be valuable to produce a clear rationale for toxicity testing strategies and
the limitations of the tests used for tobacco product evaluation. However, the Committee also
considered that it would be more appropriate to base product evaluations on epidemiological data
where these were available. Members were informed that there was interest in the tobacco industry in
developing biomarkers of diseases associated with tobacco product use, which might be used to
support produce claims of reduced harm. Challenges in producing a toxicological testing strategy and
approach to biomonitoring in volunteers were set out in the 2004 statement, and it was considered
unlikely that the data currently available would be adequate to reach meaningful conclusions.
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1.60 The Committee was informed that the Department of Health had been presented with data where
reduced harm had been claimed but such claims had been refuted on the basis of the 2004 joint
Committee statement. The Committee suggested that it would be appropriate for it and its sister
committees to be consulted when regulators received a dossier where the claim appeared
scientifically plausible based on the 2004 statement. Consideration would be given to updating the
2004 joint COT/COC/COM statement following further review of the literature. Relevant areas on
mutagenicity and carcinogenicity would be referred to the COM and COC.

Terephthalic acid
1.61 The COT had previously issued a statement on terephthalic acid (TPA) in 2001. At that time, Members

recommended that an appropriate study be conducted to assess the potential for endocrine
disruption and asked for the COM to review the genotoxicity of TPA.

1.61 A multigeneration reproductive toxicity study was submitted to the COT in 2003. Histopathological
evaluation was subsequently performed on all dose groups from this study along with several other
chronic and sub-chronic studies that tested TPA. The Committee assessed these data in 2005 and
considered that the data did not indicate a need to reduce the temporary tolerable daily intake set by
the Scientific Committee on Food in 1986.

1.63 The COT delayed issuing a statement in order that the conclusions of the COM could be
incorporated. The COM considered that the available data indicated that TPA was not an in vivo
genotoxin and published a statement in 2007.

1.64 The updated COT statement is included at the end of this report.

2006 UK Total Diet Study of metals and other elements
1.65 The FSA completed a survey of 24 elements (aluminium, antimony, arsenic, barium, bismuth, cadmium,

chromium, copper, germanium, indium, lead, manganese, mercury, molybdenum, nickel, palladium,
platinum, rhodium, ruthenium, selenium, strontium, thallium, tin and zinc) in the 2006 total diet study
(TDS). The Committee had previously evaluated dietary exposures to the elements in the 2000 TDS in
2003 and published a statement.

1.66 Estimates of dietary exposure were calculated for each of the 24 elements using food consumption
data taken from the Expenditure and Food Survey and the National Diet and Nutrition Surveys. The
Committee agreed conclusions for each element and recommended priorities for future research and
surveys of elements in food.

1.67 The COT statement is included at the end of this report.
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Committee procedures

Horizon Scanning
1.67 At the February 2008 meeting, members were provided with information on planned and possible

discussion items for the year, and invited to comment on emerging issues that might also need to be
addressed. A number of potential items were discussed in addition to those subsequently discussed as
substantive agenda items and described above.

1.68 Developmental neurotoxicity had first been raised as a possible discussion item in the Horizon
Scanning exercise in 2007. The Committee noted that the topic was being reviewed by an
International Life Sciences Institute (ILSI) Working Group, which had been due to report in early 2007.
Members had agreed that as a first step it would be useful to provide the COT with a copy of the
ILSI report, which was being published as a series of five papers. To date, only four of the five papers
had been published. The fifth paper – Application of Developmental Neurotoxicity was still awaiting
publication and it was questioned whether the four papers should be presented to the COT before
this final paper is available. The Secretariat would follow this up with ILSI.

1.69 Benzimidazole compounds are used as pesticides and/or veterinary medicines. Many benzimidazoles
have been demonstrated to be aneugenic in vitro and/or in vivo and common effects have been
identified in the toxicological database for benzimidazoles such as teratogenicity, fetotoxicity,
hepatotoxicity, thyroid effects, testicular toxicity/aspermatogenesis and haemotoxicity. It was
suggested that the Committee could consider whether some or all of the adverse effects produced
by benzimidazoles could be related to a common mode of action such as microtubule disruption.
This would aid the FSA and other departments in assigning these compounds to a common
mechanism group and taking forward a cumulative risk assessment. The COM had previously provided
advice on a strategy assigning these compounds to a common mechanism group for aneugenicity.

1.70 Members observed that the EFSA Panel on Plant Protection Products and their Residues (PPR) was
currently preparing an opinion on cumulative risk assessment of pesticides and therefore COT should
not follow it up at this time. As with other bodies such as the IGHRC and ongoing work by the
International Programme on Chemical Safety (IPCS), this was likely to recommend a framework
approach to mixtures risk assessment. Benzimidazoles were already a tentative common mechanism
group, based on pesticidal/veterinary mode of action and observed toxicological effects. The first
stage would be to perform an initial cumulative risk assessment using the Hazard Index approach. If
this indicated no concerns from cumulative exposure, then there would be no need for further work
to refine the risk assessment. If it did indicate a potential concern then further work would be
warranted, including more detailed consideration of whether all the benzimidazoles should be
included in a common mechanism group and consideration of appropriate toxicological equivalency
factors (TEFs). It was suggested that other Committees involved in the assessment of pesticides and
veterinary medicines should also be included in any further work taken forward by the COT.
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1.71 Members noted the following topics as an emerging issue:

1.72 Developments in toxicity testing strategies, as reviewed by the U.S. National Academy of Sciences in
its report on toxicity testing for the 21st century which highlighted systems biology as an emerging
approach, and the U.S. Environmental Protection Agency which was developing a computational
approach for risk assessment. It was suggested that this may be something that the COT could
consider, possibly as a topic for a future workshop.

1.73 Members also expressed an interest in keeping informed on nanoparticle toxicology as this is likely to
have a large impact on the food industry.
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Working Groups and Workshops

Lowermoor Subgroup
1.74 Members were previously informed that the deaths of two individuals who had lived in the area which

received contaminated water following the 1988 Lowermoor Water Pollution Incident had been
referred to the West Somerset coroner. The two individuals both had a neurodegenerative disease
and had been reported to have higher than usual levels of aluminium in the brain. Information on brain
neuropathology and aluminium concentrations was available for one of the individuals but not the
other.

1.75 The secretariat of the COT Lowermoor Subgroup had written to the coroner to ask whether he would
be able to share information on the brain pathology and aluminium measurements of the second case
with the Subgroup. The coroner had replied that he had decided that the inquest into both deaths
should be brought before a jury and that he considered it imperative that there was no contact
between his office and anyone else involved in the Lowermoor investigation in case it compromised
his impartiality. Members were advised that there should be no communication between the COT and
the coroner’s court

1.76 The COT was informed that Department of Health lawyers had advised that publication of the
Subgroup’s report before the Coroner's proceedings were completed could be seen as an attempt to
bias the jury and this had led to a delay in publication.

Workshop on Transgenerational Epigenetics
1.77 In February 2008, a one-day workshop on transgenerational epigenetics was held, to enable the

Committee to increase its awareness of current knowledge in this area, and to consider possible
implications for chemical risk assessment.

1.78 Invited speakers gave presentations on epigenetics and the epigenetic code, evidence for
transgenerational epigenetic inheritance from animal and human studies and implications for risk
assessment. Members participated in discussions at the meeting and subsequently while producing a
statement containing the speakers’ abstracts and summarising the discussion.

1.79 The COT statement is included at the end of this report.
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Ongoing work

Glucosamine and hepatotoxicity
1.80 Glucosamine is a popular food supplement taken alone or in combination with chondroitin sulphate,

usually by sufferers of osteoarthritis. In view of a very small number of individual case reports linking
glucosamine and hepatitis, the COT was asked to consider whether a causal relation was plausible.

1.81 Glucosamine and/or chondroitin sulphate have been the subject of numerous placebo controlled trials
in human volunteers which have not shown any evidence of adverse effects on the liver. More
limited data were also available from studies in laboratory animals which did not show any evidence of
adverse effects on the liver.

1.82 A COT statement on this issue is in preparation and will be published in 2009.

Potential exposure to substances from landfill sites
1.83 In 1998, the Committee considered an epidemiological study called the EUROHAZCON study which

reported that women living near hazardous waste landfill sites had an increased risk of giving birth to a
baby with a congenital anomaly. In 2001, it published a statement on a study from the Small Area
Health Statistics Unit (SAHSU) which investigated the incidence of birth outcomes and certain cancers
around landfill sites in Great Britain. The committee was largely reasssured by the findings but
considered that the small raised risk for all congenital anomalies in people living around special waste
landfill sites merited further investigation. Further, then unpublished, studies by SAHSU were
discussed in 2007. At that time, the committee was reminded of a Government sponsored
programme of work on congenital anomalies and landfill sites. At the September 2008 meeting, the
committee was presented with an unpublished technical report of a project to measure emissions
from landfill sites.

1.84 A statement is being prepared and further discussions will take place in 2009.
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Statements of the COT

Update Statement on the Toxicology of Terephthalic Acid

Background

1. Terephthalic acid (TPA; Figure 1) is used as a starting material in the manufacture of polyethylene
terephthalate (PET). PET may be used to coat the internal surface and welded joints (side stripes) of
food cans. PET can also be used to manufacture beverage bottles.

Figure 1: Terephthalic acid

2. In research on potential for contamination of food, TPA was found to migrate from can coatings into
food at levels between the limit of detection (0.2 mg/kg food) and limit of quantification (0.7 mg/kg
food) of the assay employed.1 Subsequently, TPA was included in a Food Standards Agency (FSA)
funded survey of plastic materials and articles in contact with food, which examined compliance with
statutory limits on composition and migration2. In this survey, fifty foods packaged in PET were tested,
with no measurable migration of TPA into the food simulanta.

3. In law, migration from can coatings is subject to the general requirement that applies to all food
contact materials and is laid down by Article 3 of Regulation (EC) 1935/2004. This requires that food
contact materials and articles should not transfer their constituents to foodstuffs in quantities that
could endanger human health or affect the nature or quality of the food. In addition, migration of
TPA is specifically controlled where it is used in food contact plastics. Commission Directive
2002/72/EC lays down a specific migration limit (SML) for TPA of 7.5 mg/kg food or food simulant. This
is enacted in England by The Plastic Material and Articles in Contact with Food (England) (No.2)
Regulations 2006, with parallel legislation in Scotland, Wales and Northern Ireland.

4. In 1986, the Scientific Committee on Food (SCF) reviewed the toxicology of TPA and established a
temporary tolerable daily intake (t-TDI) of 0.125 mg/kg bw/day3. Although details of the derivation are
not available, it was presumably based on a 90-day oral feeding study in male and female Wistar and
CD rats, with application of a 500-fold uncertainty factor to the no observed adverse effect level
(NOAEL) of 0.125% TPA in the diet, equivalent to 62.5 mg/kg bw/day (calculated assuming adult rats
consume 20 g of food food per day with an average body weight of 400 g). Reduced body weight
gain was reported at levels of 0.5, 2 and 5% TPA in the diet in the 90-day oral feeding study. In a
separate reproductive toxicity study, formation of renal and bladder calculi was observed at postnatal
day 51 in Wistar and CD rats consuming 5% TPA in the diet. The t-TDI was classed as temporary
pending the submission of the full report of this study. However, the SCF does not appear to have
revisited the risk assessment and re-evaluation of terephthalic acid is included in the current work
programme of the European Food Safety Authority (EFSA).

HOOC COOH

a Food simulants are standard test liquids, specified in Directive 85/572/EEC, which are used to simulate real foods in migration studies. The specified
simulants, to be used depending on the particular food types being tested, are: distilled water; 3 % acetic acid (w/v in aqueous solution); 15 % ethanol
(v/v in aqueous solution); and rectified olive oil. Where there are technical difficulties using rectified olive oil, substitute fatty food simulants such as
sunflower oil or synthetic triglycerides may be used.
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Previous COT Evaluations

5. In October 2000, the COT considered the possible health effects of TPA in the context of the survey
on the migration from can coatings into food1. Dietary intakes of TPA from canned foods were
estimated for high level (97.5th percentile) consumers. These estimates ranged from 2.5 μg/kg bw/day
for adult consumers, to 7.4 μg/kg bw/day for infants. The COT concluded that these exposures were
not of concern for public health on the basis of the then available information. However, although the
submitted data did not indicate that TPA can modulate the endocrine system, the studies were
inadequate to exclude the possibility. This was a concern because of structural similarities to phthalate
esters that are reported to have endocrine-disrupting potential. It was therefore recommended that a
suitable study be conducted to determine whether TPA has endocrine-disruptor activity. Furthermore,
in view of the occurrence of urinary bladder tumours in Fischer F344 rats fed the highest dietary
concentration of TPA (2% in the diet) in a 2-year carcinogenicity study, the COT recommended that an
opinion be sought from the COM on the potential in vivo genotoxicity of the compound4 in order to
gain insights into the likely mechanism of tumour formation.

Reproductive Toxicity

6. In June 2003, a manufacturer submitted the report of a full multi-generation reproductive toxicity
study, which concluded that dietary administration of up to 20 g/kg diet TPA for two successive
generations did not result in any alterations in reproductive performance.

7. In 2003, Members noted that the bodyweights of the pups in this study were comparable at birth,
except for the F2 generation, where a lower weight was associated with larger litter size. Observed
differences in pup bodyweights at later ages were thought likely to result from a direct effect of the
TPA on the pups, and were not considered to be developmental effects. Observed changes in
developmental endpoints were considered likely to result, in turn, from the reduced bodyweight and
size of the pups. It was also noted that the effect of TPA on anogenital distance (AGD) was larger than
the effect on bodyweight, although there was no clear dose-response relationship.

8. Overall, Members were satisfied that the information provided in the report was sufficient to
demonstrate that terephthalic acid did not have endocrine-disrupting effects at the highest dose
tested in this study, resulting from administration of TPA at 20 g/kg diet. Subsequently, Members have
noted emerging evidence that this type of study might not be sufficiently sensitive to anti-androgenic
activity. In 2003, since histopathological changes in the urinary bladder and the kidney were reported
at 20 g/kg, Members considered that further histopathological examination was required.

Histopathology of the kidney and urinary bladder

9. Members noted that reductions in kidney weights occurred at all doses of TPA, making the 1g/kg diet
dose level (equivalent to 100 mg/kg bw/day, calculated assuming young rats consume 10 g of food per
day with an average body weight of 100 g) the lowest observed effect level (LOEL) for the effect on
kidney weight. Histopathological changes in the urinary bladder and the kidney were reported at the
high dose (20 g/kg diet), but these organs had not been examined in the mid- and low-dose groups
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(1 and 5 g/kg diet). Therefore, the Committee considered it important to receive further information
about the effects observed in the kidneys and the urinary bladder.

10. In March 2005, a report describing further histopathological examinations of the kidneys and urinary
bladder of animals in the TPA multi-generation study was submitted to the COT. This was accompanied
by an expert report discussing the histopathology of the kidneys of animals in this study.

11. A variety of changes were observed in the urinary bladder of rats of both sexes receiving 20 g/kg diet
TPA. These changes comprised transitional epithelial hyperplasia, cystitis, inflammatory or
mononuclear cell infiltration and haemorrhage. The incidence of observed changes was higher in the
F1 generation than in F0 animals possibly reflecting the longer period of exposure of the former. The
author considered that these changes were related to treatment and indicated an irritant effect of the
compound on the bladder mucosa at this dose level. No changes were observed in the bladders of
animals receiving 1 or 5 g/kg diet TPA or in controls.

12. Minimal or slight renal papillary necrosis was observed in the kidneys of a few males (2/10 F0 and 2/11 F1)
receiving 20 g/kg diet TPA but not in any of the control or lower dose group males. Similar changes
were observed in 3/10 F0 females receiving 20 g/kg diet. However minimal papillary necrosis was also
observed in 1/10 control F0 females and 1/10 F0 females receiving 1 g/kg diet TPA. Necrosis, classified as
slight, was confined to animals (1 F0 male and 1 F0 female) receiving 20 g/kg diet TPA. Although the
increase in incidence and severity versus controls was small, the author of the report considered it
likely that this was related to treatment with TPA. No other gross or microscopic changes were
detected in adults or pups. The NOAEL for pathological changes in this study was 5 g/kg diet TPA.

13. The submitted expert report also considered the observed toxicity of TPA to the urinary system of the
rat in a combined 90-day and one-generation reproductive study in Wistar and CD (Sprague Dawley) rats,
a two-generation reproductive toxicity study in Alpk: APfSD (Wistar-derived) rats and a
chronic/oncogenicity study in Fischer 344 rats. A number of treatment-related histopathological findings
were reported in the urinary system but no consistent pattern of renal toxicity was observed across the
available studies. In addition there was little evidence to suggest differing susceptibility amongst rat
strains with regard to renal toxicity. The author of the report considered that potentially adverse
histopathological findings in the two-generation reproduction study were confined to an increase in
incidence and severity of papillary necrosis in the F0 and F1 parents, which had a clear NOAEL.

14. The physiological response of the rat kidney to TPA has been characterised in multiple studies and
includes urinary acidification with increased urinary excretion of calcium and phosphorus. Consistent
treatment-related findings in these studies were confined to the bladder and included chronic
inflammatory, hyperplastic and neoplastic changes; these occurred both in the presence and absence
of calculi. The pattern of treatment-related bladder findings in Alderley Park Wistar-derived rats was
consistent with those observed in the bladder of other rat strains. The report noted that kidney
weight reduction was observed in F0 adult rats which had not been exposed in utero; without
associated adverse pathological changes in the kidney, or urinary system as a whole; and at doses that
did not affect the growth and development of treated rats.
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15. Members were satisfied that the additional histopathological data indicated a clear no observed
adverse effect level (NOAEL) for histopathological changes in the urinary bladder and kidney (renal
papillary necrosis) corresponding to administration of TPA at 5 g/kg in the diet in the multi-generation
study. Statistically significantly decreased renal weights (adjusted for bodyweight) were present in all
generations including the parental generation. However, given that there was no associated
histopathology or effect on renal function, it was not clear whether this effect should be considered
adverse. It was also noted that this effect was not observed in a chronic toxicity study using a
different rat strain.

16. It was agreed that the relevance of the effect should be considered by applying internationally agreed
criteria from the European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) for
distinguishing between adverse and adaptive effects5. This would provide a clear description of the
rationale for the Committee’s conclusions.

Application of ECETOC criteria for distinguishing between adverse and adaptive effects

17. Using this approach, effects are generally considered less likely to be adverse if: there is no alteration
in the general function of the organism or organ; it is considered an adaptive response; and if the
effect is not a known precursor of an adverse effect. Other considerations in reaching conclusions
could include a lack of histopathology associated with an effect and reversibility of the effect if a
recovery period was used in the experimental design.

18. As the kidney weight reductions occurred in the F0 generation, as well as the offspring, this effect was
not considered to be specific to development of the kidney. There were no treatment-related findings
in the kidneys of F344 rats in a chronic/oncogenicity study. Other 90-day studies carried out using
Wistar and Sprague Dawley rats did not find treatment-related effects on kidney weight.

19. The consultant veterinary pathologist reviewing the study for the sponsor considered the kidney
weight reduction in the Alderley Park Wistar rats most likely to represent a colony-specific
physiological adaptation to exposure to terephthalic acid.

20. The NOAEL from the multi-generation study was therefore the dose resulting from administration of
TPA at 5 g/kg in the diet. This was in the region of 425 – 1200 mg/kg bw/day, depending on food
consumption of the different treatment groups.

COM Evaluation

21. In November 2001, the COM evaluated a limited package of mutagenicity data. This included in vitro
bacterial and mammalian mutagenicity assays that, although finding TPA to be negative, were either
poorly reported or had inadequate protocols; and a negative in vivo mouse micronucleus assay.

22. The COM was provided with additional data in 2006. Although there was some concern over results
of the in vitro mammalian cytogenetics test, this did not meet the criteria for a positive result. An
additional in vivo unscheduled DNA synthesis assay (UDS) was also supplied which, together with the
mouse micronucleus assay, were considered sufficient to indicate that TPA is not an in vivo mutagen.
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Therefore, the available evidence was considered to support a non-genotoxic mechanism for the
bladder tumours seen in the rat carcinogenicity study6.

Conclusions

23. We note the conclusions of the COM that terephthalic acid lacks in vivo genotoxicity, which supports
there being a non-genotoxic mechanism of action for bladder tumour formation.

24. We are satisfied that the submitted reproductive toxicity study demonstrates that terephthalic acid is
not an endocrine-disruptor.

25. The decreased kidney weights in the multi-generation study probably constitute an adaptive rather
than adverse effect. Therefore, this is unlikely to be a cause for concern with regard to human
exposure to teraphthalic acid.

26. Histopathological changes in the kidney represent the most sensitive toxicological endpoint, allowing
the identification of a NOAEL at a dose level equivalent to 425 mg/kg bw/day. High level (97.5th
percentile) consumer dietary intakes of TPA from canned foods were estimated from the FSA survey1.
These ranged from 2.5 μg/kg bw/day for adult consumers, to 7.4 μg/kg bw/day for infants; indicating
margins of exposure of 170,000 and 57,000 for adults and infants respectively.

27. Therefore, in line with our previous statement4, we do not consider the concentration of TPA found
to migrate from food can coatings in the FSA funded study to be of concern for public health. The
new data evaluated do not indicate a need to lower the temporary TDI of 0.125 mg/kg bw/day,
proposed by the SCF and scheduled for re-evaluation by the EFSA expert panel on food contact
materials, enzymes, flavourings and processing aids.

COT Statement 2008/01
July 2008
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COT statement on a SAHSU Study on Chlorination Disinfection
By-Products and Risk of Congenital Anomalies in England and Wales

Introduction

1. The Committee considered the issue of chlorinated drinking water and adverse reproductive
outcomes in 1999 and 2001. Our most recent statement on this topic was published in 20041. In light of
a new, large study by the Small Area Health Statistics Unit (SAHSU), which investigated potential
associations between chlorination disinfection by-products and the risk of congenital anomalies, and
additional studies on other reproductive outcomes published since 2004, we were asked to consider
whether we wished to revise our earlier advice.

Background

Chlorination and disinfection by-products (DBPS)

2. Disinfection of drinking water is an important public health measure and UK public water suppliers are
required to disinfect the water supply. Chlorination is the most commonly used method of
disinfection in the UK and is intended to protect human health from microbial contaminants.
Disinfection of drinking water is fundamental to preventing the spread of waterborne diseases, such as
cholera.

3. In addition to disinfecting drinking water, chlorination can also produce a range of disinfection
by-products (DBPs) by reaction between chlorine and natural organic matter (NOM) present in surface
waters. In most supplies, the main DBPs are the four chlorinated and brominated trihalomethanes
(THMs): chloroform, bromodichloromethane (BDCM), dibromochloromethane (DBCM), and
bromoform. Haloacetic acids (HAAs), haloacetonitriles (HANs), halophenols, haloaldehydes and
haloketones can also be formed.

4. The sum of the four THMs is termed Total THMs (TTHMs). DBPs are currently regulated in the UK by
specifying a maximum concentration of 100 micrograms/litre for TTHMs, measured at the consumers’
taps (concentrations of DBPs may increase within the distribution system due to the continued
reaction of residual chlorine with NOM). HAAs and other DBPs are not regulated directly. TTHM
concentrations are often regarded as a marker for total DBPs. Removal of precursor organic
compounds before chlorination is commonly practised in the UK to reduce TTHM concentrations, and
this is also considered to reduce the formation of HAAs and other DBPs, which are therefore limited
indirectly.

Previous COT advice on chlorinated drinking water and reproductive outcomes

5. During 1998 and 1999, the COT considered the available epidemiological information on the
association between chlorination by-products in drinking-water and a range of adverse reproductive
outcomes. Animal reproductive toxicity studies with some individual chlorination by-products were
also considered. After evaluation of the data, the COT concluded the following:
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● “We consider that there is insufficient evidence to conclude that the presence of chlorination
by-products in tapwater increases the risk of adverse reproductive outcomes.

● We recommend, however, that the claimed associations between patterns of drinking water-
intake and the incidence of adverse reproductive outcomes be investigated further, since any
causal association would be of significant public health concern.

● We therefore consider that efforts to minimise exposure to chlorination by-products by
individuals and water authorities remain appropriate, providing that they do not compromise the
efficiency of disinfection of drinking water” 2.

The COT considered the issue again in 2001 and reaffirmed its 1999 conclusions 3.

SAHSU (first phase) study on adverse reproductive outcomes and chlorination disinfection by-products
and 2004 evaluation

6. In 2004, the COT considered a first phase study by SAHSU that investigated chlorinated drinking water
and adverse reproductive outcomes using routinely collected THM measurements in drinking water (as
an index of exposure to chlorination by-products) and available health statistics on stillbirths and
birthweight 4.

7. In the 2004 SAHSU study, modelled estimates of quarterly THM concentrations in water zones from
3 water companies in England (Northumbrian, Severn Trent Water and United Utilities) were linked to
about 1 million routine birthweight and stillbirth records based on location of maternal residence at
the time of birth. THM estimates corresponding to the final three months of pregnancy were used.
Three TTHM exposure categories were defined: low (below 30 micrograms/litre), medium (30 – 60
micrograms/litre) and high (above 60 micrograms/litre). In its evaluation the COT noted that in the
North West (United Utilities) THM exposure showed an inverse association with mean birth weight, a
direct association with prevalence of low and very low birthweight, and a direct association with the
prevalence of stillbirths. However, there was evidence of confounding by social deprivation,
adjustment for which may not have been complete. In the Severn Trent region, in contrast, the
prevalence of very low birthweight decreased with increasing TTHM exposure, and there was no
association with low birthweight or stillbirth rate. In the Northumbrian region, there was no evidence
of associations between TTHM levels and any of the pregnancy outcomes, but the number of births
included in the study was relatively small.

8. In its 2004 evaluation, the COT also considered data from thirteen other epidemiological studies
published after the 1998 evaluation, which investigated associations between chlorinated drinking-
water and pregnancy outcomes (other than congenital malformations) 1.

9. Overall, the committee concluded that the data that it had evaluated did not show a causal
relationship between chlorinated drinking-water and pregnancy outcomes, namely: low birth weight,
very low birthweight, stillbirth, spontaneous abortion, perinatal death, infant death, low Apgar score,
infant’s head circumference at birth, infant’s body length, pre-term delivery, length of gestation,
neonatal jaundice and neonatal hypothyroidism 1. Data on congenital malformations were not
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assessed. Further research to reduce the uncertainties in the interpretation of the reported
associations between intake of drinking-water and the incidence of adverse reproductive outcomes
was recommended. The COT added that while research to determine the effects of chlorinated water
continued, efforts by water companies to minimise consumers’ exposure to chlorination by-products
would remain appropriate provided that the efficiency of disinfection was not compromised.

SAHSU (second phase) study on chlorination disinfection by-products and risk of congenital anomalies in
England and Wales

10. SAHSU has now completed phase 2 of its research, which is on congenital anomalies 5. This study is
the largest of its type so far. The study examined the relationship between THM levels in the public
water supply and risk of congenital anomalies in England and Wales. The primary analysis focused on
TTHM (as a marker for disinfection by-products) and broad categories of congenital anomalies. A
secondary analysis focused on restricted subsets of anomalies and specific THM groups including
bromoform and brominated THMs.

11. THM data were taken from twelve water companies, where water samples were routinely taken from
consumers’ taps in each water supply zone (each zone covered a population of up to 50,000). The raw
THM data were modelled to give more robust estimates of the mean THM concentration in each
zone.

12. Individual records of congenital anomalies and maternal postcode at the time of birth were obtained
from the National Congenital Anomalies System (NCAS), the regional congenital anomaly registries via
the British Isles Network of Congenital Anomaly Registers (BINOCAR), and the national terminations
registry.

13. The broad categories of congenital anomalies in the primary analysis included: cleft lip/palate;
diaphragmatic hernia and abdominal defects; major cardiac defects; neural tube defects; urinary tract
defects; and respiratory defects.

14. Further analyses were conducted using restricted groups of congenital anomalies with better
ascertainment that were considered likely to share the same causes. These included: abdominal wall
defects, major cardiac defects, specific urinary tract defects, and respiratory defects. The relevant ICD-
10 codes are given in the publication. Additionally, separate analyses were conducted for cleft palate,
cleft lip with and without cleft palate, exomphalos, gastroschisis, hypoplastic left heart syndrome,
ventricular septal defects, congenital anomalies of the oesophagus and two subsets of urinary tract
defects comprising intrinsic kidney disease and urinary obstruction. Further analyses were conducted
excluding cases with anomalies that were found to be part of a chromosomal syndrome, as well as
examining cases with isolated anomalies only.

15. There were in total 22,828 cases which had at least one congenital anomaly from the broad categories
in the primary analysis: 1,641 (7.2 %) of these had a chromosomal defect, 2,249 (9.9%) were classified as
having multiple (non-chromosomal) anomalies and 18,938 (83.0%) were classified as having isolated
anomalies only.
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16. The study period was defined according to the first possible date on which THM data for the first
trimester were available (i.e. 15 October 1993 for United Utilities & Severn Trent; 15 October 1997 for
Northumbrian; and 15 October 1998 for all other water regions) until 31 December 2001.

17. A postcode to water zone link was created using a Geographical Information System (GIS). The
postcode of the maternal residence at the time of birth was used to identify the water zone of
interest and the appropriate modelled exposure in the first trimester for each birth record.

18. The weighted average THM estimate associated with each birth record was categorised into one of
three pre-defined exposure categories for each of three metrics: concentrations of TTHMs (< 30, 30 -
< 60 and 60 + micrograms/litre), total brominated THMs (< 10, 10 - < 20 and 20 + micrograms/litre), and
bromoform (< 2, 2 - < 4 and 4 + micrograms/litre).

19. Statistical analysis adjusted for potential confounders including sex, maternal age, and socio-economic
status. Also, interactions between THM exposure and potential confounding variables were tested.

20. Mean TTHM concentrations ranged from 16.4 micrograms/litre in the lowest exposure category, to
72.2 micrograms/litre in the highest. The highest correlations were seen between total brominated
THMs and dibromochloromethane (0.93), and between TTHM and chloroform (0.90).

21. There was a higher prevalence of each anomaly in the most deprived compared to the most affluent
areas. Prevalence of anomalies was similar in males and females, except for cleft lip/palate and urinary
defects, where prevalence was 50 – 100% higher in males. There were U-shaped relationships between
prevalence of congenital anomalies and maternal age, except for neural tube defects where the
prevalence decreased with increasing age. The reported prevalence of each anomaly was substantially
higher in the regional registries than in the NCAS reflecting better ascertainment.

22. Unadjusted and adjusted analyses showed similar risk estimates. There were no statistically significant
trends across the three exposure categories for TTHMs, total brominated THMs or bromoform, for
either the broadly defined or restricted groups of anomalies.

23. The only significant association (p< 0.05) within the broadly defined groups of anomalies was an excess
risk of major cardiac defects in the medium (but not high) exposure category of total brominated
THMs (OR 1.12, 95% CI 1.01 – 1.23). For the restricted set of isolated anomalies, there was a statistically
significant excess risk of ventricular septal defects (OR 1.43, 95% CI 1.00 – 2.04) associated with
exposure to TTHM in the highest category, and for congenital anomalies of the oesophagus
(OR 1.66, 95% CI 1.12 – 2.45) in the medium (but not high) category of TTHM exposure.

24. For bromoform, there was a significant excess of both major cardiac defects and gastroschisis
(OR 1.18, 95% CI 1.00 – 1.39 and OR 1.38, 95% CI 1.00 – 1.92, respectively) in the high exposure category.

25. The authors concluded that this large national study found little evidence for a relationship between
THM concentrations in drinking water and risk of congenital anomalies. There were no significant
interactions between TTHM exposure and any of the potential confounders. The authors noted that
the significant positive associations may have been due to chance as there is little toxicological
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evidence for reproductive or teratogenic effects for bromoform or other DBPs, and the bromoform
concentrations in the study were low. It was also noted that careful selection of subsets of major
cardiac defects, ventricular septal defects and gastroschisis as isolated anomalies may have increased
accuracy of case definition (and reduced misclassification).

26. We note that the SAHSU study focussed on the main DBPs in chlorinated drinking-water, namely
THMs, and did not consider other DBPs such as HAAs.

27. We also note that studies of this type, which use a group level exposure assessment, do not consider
variations in individual exposure: for example, movement of women between exposure zones during
pregnancy, variation in individual water consumption and additional exposure from other sources such
as showering, bathing and swimming were not taken into account. The lack of individual exposure
data limits the interpretation of the results and might obscure the detection of an association.

28. Nevertheless, we consider that this was a large and well designed study and that it did not indicate a
relationship between THMs and congenital anomalies.

Additional data

29. To date, THMs have been the most widely measured individual DBPs in epidemiological studies.
However, THMs may not be a good marker of other DBPs. A preliminary study measuring the next
largest group of DBPs, namely HAAs, in the UK drinking water found a high correlation between
TTHMs and HAAs in two of three study regions, but no correlation in the third region. A total of five
HAAs were detected at relatively high levels, with the means ranging from around 35 to 95
micrograms/L for the three regions investigated 6. THMs and HAAs were present in by far the greatest
concentrations, with other DBPs considered to be present at much smaller concentrations, usually less
than 1 microgram/L 7.

Additional epidemiological studies on congenital malformations/birth defects

30. In addition to the SAHSU study, ten other epidemiological studies were identified which investigated
associations between drinking water chlorination and congenital anomalies 8,17. The studies are
described in the discussion paper considered at our February 2008 meeting 18. The search strategy is
appended in Annex 1. Subsequently two further studies were published, and reviewed by the
Committee 25, 26.

31. No UK-based studies were identified. Most studies were conducted in the USA, Canada, Norway and
Sweden. The retrieved studies were smaller in size than the SAHSU study, and most had limitations
such as inadequacies in exposure assessment and a main focus on outcomes other than congenital
anomalies. The additional studies investigated various categories of anomalies, including all congenital
anomalies, cardiac defects, nervous system anomalies, urinary tract defects, respiratory defects and
oral clefts. Overall, the additional epidemiological evidence is inconsistent and does not suggest an
association between drinking water chlorination DBPs and congenital anomalies.
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Additional epidemiological studies on adverse pregnancy outcomes since the 2004 consideration

32. The COT previously reviewed the literature on DBPs in drinking water and other adverse birth
outcomes (other than congenital anomalies) when it considered the phase 1 study by SAHSU in 2004.
Five additional epidemiological studies were identified for the present review 19, 23. These studies are
described in the Committee discussion paper 18. The search strategy is appended in Annex A.

33. None of these studies was conducted in the UK. Some evaluated associations with total and
individual HAAs in addition to THMs (e.g. monochloroacetic acid, dichloroacetic acid, trichloroacetic
acid, monobromoacetic acid, and dibromoacetic acid), and a number of outcomes were considered
including measures of growth retardation (such as intrauterine growth retardation, small for gestational
age, and low term birth weight), pregnancy loss or pre-term delivery. These studies do not show a
consistent relationship between drinking water DBPs and adverse pregnancy outcomes.

Animal data

34. Animal data on DBPs and adverse birth outcomes were previously considered by the COT in 1998 and
2004. In 1998, the committee concluded that the available reproductive toxicity studies conducted
with individual chlorination by-products indicated that the levels of exposure to these substances in
drinking water were about 10,000 times lower than levels at which adverse effects occur in animals 1.

35. A recent weight of evidence review 24 considered reproductive and developmental animal studies on a
number of individual DBPs, including both THMs and HAAs, and described more recent toxicological
studies including studies on congenital anomalies. Studies published between 2001 and 2006 were
considered. The updated review found little indication of previously unreported reproductive or
developmental toxicity. It concluded that the NOAELs and LOAELs in animals are much higher than
known levels of human exposure, and that there are limited data that explore modes of action for
reproductive toxicity. The authors noted that in a few instances, mild adverse reactions were
reported in fetuses of dams treated at doses that produced maternal toxicity, and were generally
considered secondary to maternal toxicity.

36. The review data confirm our previous view that, in animal studies, reproductive/developmental effects
have mainly been seen with DBPs at high doses often associated with maternal toxicity. The fact that
positive findings are seen in animal studies under these conditions does not provide corroboration for
positive associations observed in epidemiological studies.

Overall conclusions

37. We conclude that in human studies there is no consistent relationship between chlorinated drinking-
water and adverse pregnancy outcomes, including low birth weight, pregnancy loss, pre-term delivery
and congenital malformations. In animal studies, effects have largely been seen at high doses
associated with maternal toxicity and these are not considered to be predictive of effects in humans
exposed to far lower levels of DBPs.

COT Statement 2008/02
July 2008
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Annex A

Search strategy for additional epidemiological studies on congenital malformations/birth defects

● The search was carried out on the databases PubMed and Toxline and was limited to papers
reporting on studies on humans published between 1 January 2004 and 31 August 2007, inclusive.

● The search terms used were:

chlorinat* by-product* AND congenital malformation*

chlorinat* by-product* AND congenital defect*

drinking water AND congenital malformation*

drinking water AND congenital defect*

trihalomethanes AND congenital malformation*

trihalomethanes AND congenital defect*

disinfection by-product* AND congenital malformation*

disinfection by-product* AND congenital defect*

dbp* AND congenital malformation*

dbp* AND congenital defect*

Search strategy for additional epidemiological studies on adverse pregnancy outcomes since the 2004
consideration

● The search was carried out on the databases PubMed and Toxline and was limited to papers
reporting studies on humans published between 1 January 2004 until 31 August 2007, inclusive.

● The search terms used were:

chlorinat* by-product* AND pregnancy outcome*

drinking water AND pregnancy outcome*

trihalomethanes AND pregnancy outcome*

disinfection by-product* AND pregnancy outcome*

dbp* AND pregnancy outcome

all above terms combined with birth weight (birthweight), preterm delivery, premature*,
still birth.
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Statement on the COT Workshop on Transgenerational Epigenetics

Introduction

1 As part of the COT’s horizon scanning exercise in 2007, the issue of possible transgenerational effects
due to epigenetic alterations was raised, a topic which had previously been discussed by the
Committee on Mutagenicity in 2006. The COT agreed that transgenerational epigenetic inheritance
could potentially mediate a wide range of toxicological effects and was an important area for future
research.

2. In February 2008, a one-day workshop on transgenerational epigenetics was held, to enable the
Committee to increase its awareness of current knowledge in this area, and to consider possible
implications for chemical risk assessment. This report summarises information from the speakers’
abstracts, presentations given at the workshop and subsequent discussions.

Epigenetics and the epigenetic code

3. In biology, “epigenetics” is concerned with alterations in phenotype due to changes in cellular
properties that may be inherited, but do not represent a change in the DNA base sequence. From a
developmental standpoint, it is associated with how a fertilised totipotent zygote progresses, via a
series of developmental transformations and inductive processes, into a multicellular embryo and
eventually an adult. From a molecular viewpoint it is concerned with how chemical modifications of
DNA and histones alter gene function.

4. Epigenetic mechanisms regulate the setting up and maintenance of the two major forms of
chromosomal structure; heterochromatin, where the DNA is tightly packed and genes are repressed,
and euchromatin where genes are under active transcription. Mechanisms involved in epigenetic
regulation of gene expression include DNA methylation and histone tail modifications, while small
non-coding RNAs also play a role.

5. DNA methylation at the 5’ position of cytosine, typically although not exclusively in CpG DNA
sequences within regulatory regions of genes, is associated with gene repression in vitro and in vivo,
while hypomethylation is generally associated with gene expression. Catalysed by DNA
methyltransferases (DNMTs), DNA methylation can silence gene expression by directly interfering with
the binding of a transcription factor to its recognition element, or indirectly by attracting methyl-CpG-
specific binding proteins such as MeCP2 (reviewed by Ptak and Petronis, 20081). DNMT1 is a ‘maintenance’
methyltransferase which copies methylation patterns during DNA replication, while DNMT3a and
DNMT3b are de novo methyltransferases, methylating DNA at previously unmethylated sites1,2.

6. S-Adenosyl methionine (SAM) provides methyl groups for transfer, and is produced through the folate
and methionine cycling pathways, using methionine, choline, folic acid and vitamin B12.
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7. Histone modifications such as acetylation, methylation, phosphorylation and ubiquitylation regulate
chromatin structure and hence gene expression. Active chromatin is generally characterised by overall
hyperacetylation of histones and enrichment of histone H3 trimethylated at lysine 4 (H3K4Me3),
di- or tri-methylated at lysine 36 (H3K36Me2/3) and dimethylated at lysine 79 (H3K79Me2), plus DNA
hypomethylation. Methylation of Lys 36 and Lys 79 occurs at transcription units whereas Lys 4 is
methylated at regulatory regions. Inactive chromatin is characterised by overall histone
hypoacetylation, increased levels of H3 trimethylated at Lys 9 (H3K9Me3) and H4 trimethylated at
Lys 20 (H4K20Me3), and DNA methylation (reviewed by Turner, 20073). Further, histone modification
enzymes can interact with DNMTs and target DNA methylation to chromatin that is already hypo-
acetylated, thereby reinforcing gene silencing (reviewed by Meehan et al., 20054).

8. It has been proposed that histone tail modifications, together with DNA methylation, are part of an
epigenetic code regulating chromatin structure and gene expression. Semiotics, the study of signs and
symbols and their use or meaning, has been used as a guideline for defining the epigenetic code.
A semiotic system consists of a sign, its meaning and the code used to interpret the sign. In the case
of an epigenetic code the sign would be a combination of histone/DNA modifications and the
meaning would be the initiation or termination of transcription at a specific time and cell type. Thus,
the code comprises combinations of chromatin modifications that allow the transcriptional status of
specific genes to be switched on or off in a particular cell type at a defined stage of development or
differentiation3.

9. The epi-genotype is dynamic and responsive to environmental signals, and it has been proposed that
the influence of environment and genotype on the phenotype of an organism may in part be
mediated indirectly via the epi-genotype.

10. Epigenetic alterations that arise during the lifetime of an organism are proposed to result from both
stochastic processes and systematic environmental influences. Epigenetic marks are in constant flux
and the maintenance methyltransferase DNMT1 has been estimated to have a 5% error rate,
compounding this flux (reviewed by Whitelaw and Whitelaw, 20065). Environmental influences include
dietary factors and maternal behaviour. For example, decreased maternal grooming in rats has been
correlated with reduced DNA methylation and histone acetylation within the glucocorticoid receptor
gene proximal regulatory unit in the hippocampus, and induction of altered stress responses in later
life. Infusion of a histone deacetylase inhibitor reversed these effects6. Dietary supplementation with
methyl donors has also been shown to induce epigenetic alterations in animal models7.

11. Epigenetics has been suggested to be involved in a range of complex diseases that arise from a
combination of heritable and environmental factors, including cancer, metabolic syndrome, anxiety
and depression, schizophrenia and bipolar disorder (reviewed by van Vliet et al., 20072).
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Evidence for transgenerational epigenetic inheritance – animal studies

12. While transmission of acquired epigenetic changes to subsequent generations has been well
documented in plants8, in mice epigenetic reprogramming is associated with a global decrease in
methylation levels at two developmental periods, during gametogenesis and during early
embryogenesis followed by de novo methylation9, suggesting that acquired epigenetic changes should
not be inherited. However, there is robust evidence that epigenetic information can be inherited
across generations in mammals (see below and Chong et al., 200710).

13. Epigenetic inheritance has been clearly demonstrated through to the F1 generation in two mouse
models; Agouti viable yellow (Avy) and Axin-fused (AxinFu).

14. The Avy allele contains an intracisternal A particle (IAP) retrotransposon upstream of the agouti gene,
which encodes a signalling protein that causes hair follicle pigment production to switch from
eumelanin, which is black, to phaelomelanin which is yellow. When the IAP in the Avy allele is
unmethylated, a promoter drives ectopic agouti expression resulting in a yellow coat colour, and these
mice have a predisposition for development of obesity and diabetes. When the IAP is methylated,
agouti expression is not induced, mice have a brown coat and are phenotypically normal. Genetically
identical mice heterozygous for the Avy and a (the nonagouti allele that does not produce functional
agouti protein) alleles display a wide range of coat colour phenotypes from yellow to mottled to
brown (‘pseudoagouti’), depending on the level of methylation at the Avy IAP. The Avy alleles with
differing levels of methylation are referred to as ‘epialleles’11,12,13.

15. Dams with a hypomethylated Avy allele (yellow coat phenotype) produce yellow and mottled
offspring but no pseudoagouti (hypermethylated) offspring, while pseudoagouti dams produce
20% pseudoagouti offspring11.

16. Axin regulates embryonic axis formation in vertebrates, and the axin-fused (AxinFu) allele is a dominant
gain of function allele that has an IAP retrotransposon inserted. The AxinFu phenotype is a kinked tail,
but in some mice the tails appear completely normal. The phenotype has been shown to be
correlated with methylation at the IAP long terminal repeat (LTR). The IAP is heavily methylated in
mice without the tail kink, while in mice with a kinked tail the region is relatively hypomethylated.
AxinFu transgenerational epigenetic inheritance has been shown to occur with both maternal and
paternal transmission14.

17. Epigenetic inheritance at the Avy and AxinFu alleles appears to be influenced by the genetic
background of the mouse strain in which it is present. Avy in the C57BL/6J strain displays
transgenerational epigenetic inheritance after maternal transmission only11, whereas AxinFu displays
inheritance after maternal and paternal transmission in the 129RrRk/J strain14. However, cross-over
studies have shown that inheritance of Avy via paternal transmission does occur when C57 males are
crossed with 129 females, while paternal AxinFu transmission does not occur when 129 males are
crossed with C57 females14.

18. This finding suggests that the epigenetic ‘mark’ is reprogrammed by the C57 egg but not by the
129 egg. The factor that causes this reprogramming is unknown, but could potentially be any protein
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that influences reprogramming in early embryogenesis. Genetic variation in such factors would also be
expected to influence epigenetic inheritance at other loci. As such events are known to have strain-
specific liabilities it is probable that species-specific confounders also exist.

19. In the case of environmental factors that affect the epigenome, confirmation of transgenerational
inheritance requires observation of effects in at least the F3 generation. This is because when an F0
pregnant female is exposed to an environmental agent, the F1 generation embryo and the germline of
the F2 generation are also directly exposed.

20. Environmental factors have been shown to influence the epigenetic code in the F1 generation in
several animal studies. Dietary supplementation of pregnant female Avy mice with methyl donors and
co-factors resulted in a darker average coat colour and systemic Avy hypermethylation in their Avy/a
offspring7. However, a follow-up study indicated that the effect did not accumulate across the F2 and
F3 generations, suggesting that the diet-induced Avy hypermethylation is not inherited
transgenerationally through the female15.

21. In sheep, administration of a hypomethylating diet containing low levels of vitamin B12 and
methionine from 8 weeks preceding to 6 days following conception resulted in a range of effects in
adult offspring. Effects observed included increased weight, altered body composition (increased fat
and reduced muscle), altered immune responses to antigenic challenge, immune resistance and
elevated blood pressure16. Analysis of CpG islands in fetal liver indicated that methyl-deficient animals
had alterations in methylation status at a number of loci compared with controls.

22. The only reported example of transgenerational transmission of effects on the epigenetic code
elicited by an environmental agent in animals is that of the anti-androgen vinclozolin. Intraperitoneal
(i.p.) exposure of pregnant F344 rats to vinclozolin during the time of fetal sex determination
(embryonic days 8-14) has been shown to result in a range of adverse effects in male offspring of the
F1-F4 generations, transmitted through the male germ line. The effects observed include
spermatogenic defects, and in adults, male infertility, prostate disease, kidney disease, immune system
abnormalities, hypercholesterolemia and an increased rate of tumour development17,18,19.

23. The frequencies of these abnormalities ranged from 20-90%, suggesting that mutations in the DNA
sequence are not likely to be responsible. The frequency of germ line DNA sequence mutations, even
with ionising radiation, has been estimated as being normally less than 0.01% and ranging from only
1-5% for hot-spot mutations in the F0-F2 generations (reviewed by Jirtle and Skinner, 200720). It was
therefore suggested that an epigenetic mechanism may be involved, and in support of this several genes
and other DNA sequences in the sperm of vinclozolin-treated animals were identified that had altered
methylation patterns in the F1-F3 generations17,21. In initial reports the anti-androgen methoxychlor was
also found to promote male infertility and decreased spermatogenic capacity in the F1 and F2
generations, although effects on DNA methylation with this compound have not been reported.

24. Recently, additional effects have been reported in the offspring of vinclozolin-treated rats. Females
showed a mate preference for males from an unexposed lineage over those of the vinclozolin lineage,
whereas males exhibited no such preference for female type22. These findings led the authors to
hypothesise that transgenerational epigenetic inheritance may represent an ‘unappreciated force in



40

Annual Report 2008

sexual selection’. Effects in F1-F3 female progeny have also been reported, including uterine
haemorrhage and/or anaemia late in pregnancy, glomerular abnormalities and a statistically non-
significant increased incidence of tumours compared with controls23. While the effects in males were
transmitted through the male germline, both male and female parents had to be of vinclozolin-
exposed lines for female offspring to show the pregnancy disease phenotype.

25. The above findings have yet to be reproduced by other laboratories or for other chemical exposures.
While the effects described occurred following i.p. administration of high doses (100 mg/kg) of
vinclozolin, an abstract presented at the Society of Toxicology annual meeting in 2007 reported no
adverse transgenerational effects on sperm number, morphology and motility in F1-F3 generations
following oral administration, also at 100 mg/kg b.w., to pregnant rats24. However, this study was
conducted in a different rat strain (Wistar) from the earlier studies (F344), and the genetic background
may have had an influence on the findings. An abstract presented at the 2007 meeting of the
International Congress of Toxicology by Kawabe et al.25 reported no effects on spermatogenesis in the
F1 generation of Crl:CD(SD) rats, and no alterations in DNA methylation in testes and sperm in the F0,
F1 and F2 generations, following i.p. administration of vinclozolin (100 mg/kg b.w.), procymidone
(100 mg/kg b.w. i.p.) and flutamide (10 mg/kg b.w. i.p.) on gestational days 8-15.

26. The nature of the inherited epigenetic ‘mark’ that might mediate transgenerational effects is unclear.
There is some evidence that IAPs are largely resistant to demethylation during gametogenesis and
early development,26 but a study in Avy mice showed that methylation at the IAP is cleared during
early embyogenesis and then reset15. This suggests that histone modifications or RNA-mediated
mechanisms may play a role. To date, it is uncertain whether genetic elements other than IAPs, such as
promoters, enhancers or other retro-elements may also be sites of epigenetic inheritance. IAPs are
transposon units rather than part of the ‘normal’ genetic code and it is unclear whether effects seen
at these sites would also occur in native genomic DNA.

27. RNA may also play a role in mediating transgenerational epigenetic effects. In a recent study,
genotypically wild type offspring of heterozygous Kittm1Alf/+ mice were found to display the white-
spotted phenotype characteristic of the heterozygous animals27. The spermatoza of these
paramutated offspring contained unusual amounts of RNA. Furthermore, the white-spotted
phenotype could be reproduced in non-paramutated wild type offspring by microinjection of sperm
RNA from Kittm1Alf/+ heterozygotes, or microRNAs that target Kit mRNA, into fertilised eggs.

Evidence for transgenerational epigenetic inheritance – human studies

28. Conclusive evidence of epigenetic inheritance in humans is currently lacking. A study of a family
affected by hereditary nonpolyposis colorectal cancer (HNPCC) reported a germline allele-specific
hypermethylation of the DNA mismatch repair (MMR) MSH2 gene, without evidence of DNA
mismatch repair mutation, in three successive generations28. Several family members with this
methylation developed colorectal cancer or other HNPCC-related cancers. While it has been
suggested that this is an example of transgenerational epigenetic inheritance, it has also been argued
that the ‘epimutation’ could be the result of an underlying modifying genetic mutation that causes the
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hypermethylation of the MSH2 gene to be re-established in each generation10. It is therefore uncertain
whether the epigenetic pattern is causative of the observed predisposition to cancer, or
consequential of some other underlying factor.

29. Suter et al.29 reported two individuals with soma-wide, allele specific and mosaic hypermethylation of
the MMR gene MLH1. Both individuals lacked evidence of mutation in any MMR genes, but had
multiple primary tumours showing deficiency in MMR and met the clinical criteria for HNPCC. The
epimutation was detected in the spermatozoa of one of the individuals, suggesting a germline defect
and potential for transmission to children. However, recent reanalysis of the spermatozoa sample with
more sophisticated techniques has indicated that the MLH1 methylation detected was most likely
derived from residual somatic DNA in the sample, rather than present in male germ cells30.

30. Epigenetic inheritance has also been proposed as a possible mechanism underlying transgenerational
responses to smoking and nutrition observed in human populations. Analysis of individuals recruited
into the Avon Longitudinal Study of Parents and Children (ALSPAC) indicated that early paternal onset
of smoking was associated with greater body mass index at age 9 in sons, but not in daughers31. A
trend for lower gestation length with earlier paternal smoking was also observed, in boys but not girls.

31. Sex-specific transgenerational effects in a cohort of individuals born in Överkalix, Sweden in 1890, 1905
and 1920 have also been reported. The paternal grandfather’s food supply, estimated from historical
data on harvests and food prices, was linked to the mortality risk ratio (RR) of grandsons, while the
paternal grandmothers’ food supply was associated with granddaughters’ mortality RR31,32. No
associations were found between paternal grandfathers’ diet and granddaughters’ mortality RRs, or
between paternal grandmothers’ and grandsons’ mortality. Analysis suggested that particular periods
of exposure were critical. Poor grandfather’s or grandmother’s food supply during the slow growth
period before puberty (8-12 years) was associated with reduced mortality RRs for grandsons and
granddaughters, respectively while good food supply at this time was associated with higher mortality
RRs. The paternal grandmothers’ food supply from when she was a fetus to age 4 years had the
opposite effect, with good or poor supply correlating with lower or higher mortality RRs, respectively.

32. Transgenerational effects associated with exposure to betel nuts have been reported in both humans
and animals. In CD1 mice, paternal exposure to betel nut was associated with an increased risk of
hyperglycaemia in non-betel fed F1 offspring33, while an epidemiological study in Taiwan reported
paternal betel nut chewing was associated with an increased risk of early onset of metabolic
syndrome in offspring34.

33. The mechanisms responsible for these possible sex-line specific transmissions have not yet been
identified, but it has been postulated that they may be mediated by a signal, possibly epigenetic,
carried on the X and Y chromosomes. It is hypothesised that the non-recombining region of the
Y chromosome can transmit environmentally-induced epigenetic states or reversible DNA changes to
subsequent generations. Father to son and paternal grandfather to grandson effects could be
mediated by the Y chromosome, while the X chromosome passed by a woman to her son can only be
passed to her granddaughters, not grandsons31. However, evidence demonstrating a role for
epigenetics in mediating these effects is currently lacking.



42

Implications for risk assessment

34. The possibility that environmental exposures during pregnancy or in the neonatal period could result
in epigenetic alterations that lead to adverse effects in the F1 generation or even beyond is gaining
attention. The hypothesis is being tested by the new, emerging field of investigation known as
Environmental Epigenomics.

35. Given that this field is in its infancy and the analytical techniques used to assess epigenetic effects are
still evolving, it has been suggested that it is premature to conclude that epigenetic evaluations should
be incorporated into chemical risk assessment at this time35. There are a number of questions which
need to be addressed. Questions raised at the workshop include:

● Do we know enough about the available animal models, such as Avy and AxinFu, in order to
properly interpret the data they generate? For example, transposable elements such as IAPs are
expected to be methylated, and it is uncertain whether there is something unusual about the
Agouti and Axin model IAPs that allows them to be hypomethylated.

● How do we assess whether an epigenetic change is adverse?

● Epigenetic mechanisms include DNA methylation, histone alterations and effects of non-coding
RNAs and it is uncertain which of these mechanisms play a role in transgenerational epigenetic
inheritance. Is there a need to evaluate all three of these parameters? It is also important to
consider what technique(s) would best be employed.

● It is important to consider normal epigenetic variability, from individual to individual and over
time. There are also species differences in relative epigenetic stability. For example, stability of
methylation in c-myc in the liver and resistance to X chromosome reactivation during aging is
greater in humans than in mice36,37.

● In addition to the agouti and axin models, are there other endpoints, such as imprinted genes, that
should be evaluated? What model compounds should be used?

● The finding that maternal grooming behaviour can have epigenetic effects (see para 18) indicates
that it is important to take parental behaviour into consideration.

36. There are also questions as to whether current regulatory toxicity testing would be sufficient to
detect transgenerational epigenetic effects on phenotype. Comparison of the data generated from
regulatory studies for developmental, reproductive and endocrine toxicity of vinclozolin with those
generated in the studies on its transgenerational effects suggests that the regulatory tests would
adequately detect the effects of vinclozolin on the androgen receptor, fertility, reproductive organ
development, male genitalia and anogenital distance. However, multi-generation assays for
reproductive toxicity would not predict that treatment of the F0 generation only could produce
testicular abnormalities up to the F4 generation, as dosing is continuous across generations in these
studies (NB: these observations are being questioned, see para 25 above). In addition, the adult onset
increase in prostate, kidney and immune system lesions detected in the transgenerational studies is
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unlikely to be picked up by regulatory reproductive studies, as these are generally terminated after
weaning or mating. Alternative strategies to detect the potential for such effects without requiring
testing up to the F3 or F4 generations may need to be developed.

Discussions

37. Discussion at the workshop predominantly centred on the implications of the data presented for risk
assessment. These discussions are summarised below.

38. Opinions vary on the most appropriate approach for assessing the potential for transgenerational
epigenetic inheritance following chemical exposures. Focussing on one or two well characterised
imprinted genes involved in transcription has been proposed, but there is no evidence that such genes
are those most likely to be modified by environmental exposures, or that epigenetic alterations at
these genes will have a significant functional impact.

39. Results from the Avy and AxinFu animal models should be treated with caution, particularly given the
reported strain differences in transmission of epigenetic states.

40. An alternative approach may be to use techniques that measure effects on the whole epigenome to
search for candidate genes or modifications on which to focus. However, while a broad approach may
be useful, it is important to consider the possibility for ‘epi-phenomena’ – epigenetic changes can
occur that have no effect on phenotype. For example, much of the bulk histone that can be analysed
will be non-coding and it is possible to get massive changes in bulk histone acetylation without much
change in gene expression. It is therefore critical to establish what regions of the epigenome are
important. It will also be important to consider the lessons that can be learnt from experience with
other ‘omic’ technologies.

41. Confirming whether transgenerational epigenetic inheritance occurs in humans will be extremely
difficult and will require complementary studies in model organisms. A suggested approach is first to
identify an environmental insult or influence resulting in an alteration in phenotype; then determine
the location and nature of an epigenetic change and establish a link between epigenotype and
phenotype. It will also be necessary to rule out other genetic factors or a familial effect such as
constant exposure to an environmental factor. The need to study through to the F3 generation was
reiterated, as effects in the F1 or F2 generations could be due to in utero exposure. A potential
problem with this approach is that most differences in phenotype will not be inherited.

42. In addition to identifying critical regions of the epigenome to assess and applying the appropriate
technique(s) for analysis, it is important to gain an understanding of the background variation at such
regions, both inter- and intra-species. Similarly, there is a need to gain an understanding of background
variation that can arise with time; for example, it has been demonstrated that that epigenetic
differences between monozygotic twins increase over a lifetime38.

43. There is some evidence of epigenetic effects in tumour suppressor genes associated with cancer,
although it is unclear whether such changes are causal. It was suggested that it may be useful to
investigate whether there are environmental causes for these changes.
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44. Presuming that transgenerational epigenetic effects can be shown to occur, it was proposed that it will
be important to identify whether such effects should be viewed as being thresholded or not.
Experiments to define the shape of the dose-response would be necessary in order to determine this.

45. Overall, it is clear that a stronger science base is required before evaluation of epigenetic status can be
included in regulatory risk assessment.

COT Conclusions

46. There is reasonable evidence that epigenetic changes associated with environmental exposures during
development can result in adverse effects. Such effects might be detected in the F1 and F2
generations by standard regulatory toxicity testing.

47. Transgenerational epigenetic inheritance of effects in the F3 generation and beyond would also be of
potential relevance to risk assessment. If epigenetic inheritance does occur, it is possible that this
could lead to an accumulation in risk across generations. In addition, such epigenetic changes could be
developed as biomarkers of effect.

48. However, the science is not yet developed and therefore assessment of transgenerational epigenetic
inheritance cannot be incorporated in regulatory risk assessment at present.

49. It is still unclear whether transmission of environmentally acquired epigenetic changes across
generations occurs in humans and if so, what mechanisms of epigenetic modification are important,

50. Priorities for future research include assessment of whether important examples of epigenetic
inheritance seen in animals also occur in humans. In addition, it may be useful to investigate aberrant
phenotypes in humans which might possibly have a transgenerational, epigenetic basis. It is feasible to
undertake genome wide profiling to ascertain if changes in DNA methylation patterns underlie
environmentally acquired epigenetic changes that occur in experimental models and perhaps human
populations.

Annual Report 2008
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Statement on reproductive effects of caffeine

Background

1. Caffeine is present in coffee, tea, chocolate, cocoa, cola drinks, many of the increasingly popular
‘energy drinks’, and in over-the-counter and prescription medications including many cold and ‘flu
remedies, headache treatments, diet pills, diuretics and stimulants. Most pregnant women in the UK
consume caffeine from one or more sources.

2001 COT Evaluation

2. The Committee last considered possible adverse effects of caffeine consumption on reproduction in
2001 and issued a statement at that time with the following conclusions. 1

3. “We note that the risk of low birth weight and spontaneous abortion increases with increasing
maternal caffeine intake during pregnancy. However, a threshold level of caffeine intake, above which
maternal caffeine intake presents a risk to pregnancy, cannot be determined. Different studies assume
different caffeine contents of beverages and this leads to some variation in the levels of caffeine
intake associated with adverse effects on reproduction in different studies. We consider it prudent to
assume that caffeine intakes above 300 mg/day show a plausible association with low birth weight
and spontaneous abortion, given the available evidence from studies in experimental animals and
epidemiological studies. However, on the basis of the available evidence, it is not possible to define
this association as causal. We note that 300 mg/day caffeine is equivalent to four cups of instant
coffee or about six cups of tea, assuming average caffeine contents.

4. We note that for caffeine intakes of 150 to 300 mg/day there is less evidence for an association, with
greater inconsistency in the results of epidemiological studies than for intakes above 300 mg/day.

5. We note that data on maternal caffeine consumption during pregnancy and associations with adverse
effects on reproduction other than low birth weight and spontaneous abortion, such as pre-term
birth and adverse effects on the fetus are inconclusive. We do not consider there to be reliable
evidence for associations with these parameters at moderate consumption levels (below 300 mg/day).

6. There do not appear to be effects of caffeine consumption on male fertility. Evidence for adverse
effects on female fertility is inconclusive.

7. We note that the studies used to establish this association focused on caffeine intake from coffee,
and that a possible influence of other constituents of coffee cannot be excluded. We also recognise
that coffee and tea are just two sources of caffeine and do not necessarily represent the main
sources of caffeine intake for all people.

8. Further studies are required to establish whether the observed association is causal. These might
include the use of biomarkers of caffeine intake.”
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The FSA funded research projects (T01032 & T01033)

9. In light of the Committee’s conclusions in 2001, the Food Standards Agency issued advice that caffeine
intake during pregnancy should be limited to not more than 300 mg/day and offered guidance on
amounts of caffeine in different foods and drinks. In addition, the Agency commissioned a
prospective study, involving around 2500 pregnant women, in order to reduce uncertainties in the risk
assessment and provide a more robust basis for the Agency’s advice to pregnant women on caffeine
consumption.

10. This research was funded as two linked projects, ‘Determination of maternal caffeine intakes
associated with increased risk to the fetus’ (FSA project code T01032, University of Leicester) and
‘Assessment of caffeine consumption, altered caffeine metabolism and pregnancy outcome’
(T01033, University of Leeds).

11. The FSA-funded research was designed to overcome some of the limitations of earlier studies. It was
prospective in design, recruiting women at approximately 12 weeks of gestation, and ascertained
caffeine consumption and other relevant exposures through a structured questionnaire. The
questionnaire, which was completed on three occasions (once in each trimester of pregnancy),
detailed all sources of caffeine, as well as gathering information about other aspects of diet (including
alcohol consumption), smoking habits, drug use (medicinal and recreational), work, physical activity and
symptoms. The information was recorded for each 4 week period of pregnancy. The main outcome
measure was fetal growth restriction (FGR) defined as failure of the baby to attain its growth potential
as determined by genetic and environmental factors. A weakness of many of the previous
epidemiological studies had been their reliance on birth weight as the endpoint for assessing fetal
growth. It is well recognised that low birth weight does not necessarily indicate poor growth, and
depends also on gestational age at birth and on other factors such as maternal height, ethnicity and
parity. Given that approximately 10% of babies were expected to have FGR, each of the two study
sites recruited in the region of 1,250 women in order to ensure sufficient statistical power to detect
small differences in the prevalence of FGR births according to caffeine intake.

12. FGR is an important outcome because it is associated with an increased risk of perinatal mortality and
morbidity, including perinatal asphyxia. Moreover, there is epidemiological evidence that FGR
correlates with adverse effects in adult life2,3. For example, affected individuals have an increased
incidence of metabolic syndrome, manifesting as obesity, hypertension, hypercholesterolemia,
cardiovascular disease, and type 2 diabetes4,5,6.

13. Of the four primary routes of caffeine metabolism in humans, 3-demethylation is quantitatively the most
important, the caffeine being converted to paraxanthine by CYP1A2. Studies have shown there to be
varying levels of CYP1A2 activity in humans. Women recruited to the study were asked to participate in a
“caffeine challenge” at approximately 14 and 28 weeks of gestation in order to assess metabolic
phenotype for caffeine metabolism. Participants drank a defined volume of caffeine-containing cola and
provided saliva samples, which allowed the half-life of caffeine and the ratio of its metabolites to be
measured. Cotinine was also measured in these samples to verify reported smoking habits.
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14. The Committee was presented with a pre-publication draft of the primary manuscript from these
studies. The subjects’ mean caffeine consumption was reported to decrease from 238 mg/day to
139 mg/day during the first trimester of pregnancy, and then increased to 153 mg/day by the third
trimester. The major contributions to caffeine consumption in pregnancy were from tea (62%), coffee
(14%) and cola drinks (12%), whilst chocolate contributed 8%. After adjustment for various potential
confounders, caffeine consumption was associated with an increased risk of FGR which was
statistically significant at intakes of 200-299 mg/day and above (Table 1).

Table 1

Odds ratios for FGR from a logistic regression analysis that adjusted for smoking status, amount smoked
(cotinine concentration), and alcohol intake.

15. The relation between FGR and caffeine intake during pregnancy was modelled using the best-fitting
second-order fractional polynomial (Figure 1). The curve in Figure 1 was derived from a model that took
into account other risk factors such as salivary cotinine levels, self-reported alcohol consumption,
maternal height, weight, ethnicity, parity, gestation at delivery and gender of the neonate. The results
were robust to exclusion of those women with high risk pregnancies, multiparity, and extremely high or
low caffeine intakes. For all levels of caffeine intake, lower intakes of caffeine were associated with
lower risk of fetal growth restriction. It is possible that the steep decline in risk associated with caffeine
intakes of less than 30 mg/day may be attributable to residual confounding. This analysis suggested a
continuously increasing risk across the exposure range, and gave no indication of a threshold level of
exposure, below which risk was not elevated. The Committee requested a repeat of this analysis,
excluding those women who consumed more than 300 mg caffeine per day. This confirmed that the
high level consumers did not materially alter the shape of the exposure-response curve.

16. Further statistical analysis with regression models (logistic regression for binary outcomes, e.g. FGR vs
no FGR, and linear regression for continuous outcomes, e.g. birth weight centile) gave no indication of
important residual confounding by smoking.

17. Analysis of the data on half-lives of caffeine (as a proxy for metabolism) in saliva suggested an
increased risk of FGR in fast metabolisers (shorter half life) as compared with slow metabolisers (longer
half life), although the difference was not statistically significant (P=0.06).

Average intake over pregnancy <100 1 -

100-199 1.2 (0.9, 1.6)

200-299 1.5 (1.1, 2.1)

300+ 1.4 (1.0, 2.0) P=0.02

Caffeine (mg/day) OR (95% CI) ptrend



18. It is interesting that among the women with caffeine intakes > 300 mg/day prior to pregnancy, a
subset had chosen to reduce their caffeine intake to <50 mg/day by weeks 5-12 of pregnancy (n=109).
The mean birth weight of infants in this subset was higher than that in women who maintained their
caffeine intake above 300 mg/day (n=193) (difference in birth weight=161g, 95% CI: 24 to 297g, p=0.02).
However, these two groups of women may have differed in other ways apart from their caffeine
intakes.

19. The Committee noted that energy intake needed to be considered as a potential confounder of
effects on fetal growth rate. Energy intake had been recorded in the Leeds arm of the study, but not
in Leicester. An analysis of data from Leeds that adjusted for energy intake indicated that energy
intake did not importantly confound the risk estimates for caffeine in this study.

Literature review (post-2001 COT statement)

20. In addition to being presented with the results from the FSA-funded research, the Committee was
provided with an update on relevant research on reproductive effects of caffeine in humans published
since the previous COT review. Table 2 summarises the key data provided to the Committee in tabular
form. The references detailed in Table 2 were sourced through a systematic search of key scientific
databases, details of which are given in Annex A.

21. It was noted that published studies differed substantially in their design, which may account for some
of the variation in the estimated risks of adverse reproductive outcomes reported for specified levels
of caffeine intake.

22. Most studies assessed caffeine intake at various stages of pregnancy, generally by use of dietary
questionnaires. In most reports, caffeine intakes were assessed by multiplying the number of servings
of a beverage or food by an estimated mean caffeine content, and different studies assumed different
caffeine contents for beverages and foods. Further variation may have been introduced according to
whether participants were asked to estimate serving size or the researcher assumed a default serving
size.

23. Errors in recall would be expected to affect the accuracy of information provided on caffeine intake
and on potential confounders, particularly in studies where information was gathered retrospectively.
In case-control studies that ascertained caffeine intake after the outcome of pregnancy was known,
differential errors may have spuriously exaggerated risk estimates. It should also be noted that many
of the studies did not assess caffeine intake from all sources.

24. There is considerable inter-individual variation in caffeine metabolism, and measures of caffeine
consumption do not necessarily indicate the levels of caffeine and caffeine metabolites in the
maternal or fetal circulation. A small number of studies therefore measured levels of caffeine and its
metabolites in maternal or umbilical cord blood rather than assessing caffeine consumption.

25. Further variation in estimates of caffeine effect may have occurred because the range of confounding
factors that was taken into account differed between studies. Notably, several studies did not adjust
for smoking or nausea during pregnancy.
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26. Caffeine consumption greater than or equal to 300 mg/day was reported in several studies7-14 to be
associated with FGR, decreased mean birth weight, miscarriage, or increased risk of still birth, with one
study finding a doubled risk of miscarriage for caffeine intakes above 200 mg/day15. Another study in
pregnant women with Type 1 diabetes suggested an increased risk of miscarriage for a caffeine intake
of just 1-2 caffeine-containing beverages per day in the first trimester, compared to non-consumers,
although the elevation of risk only reached statistical significance for daily intakes of three or more
drinks16. On the other hand, there were well-conducted studies that reported no statistically
significant association between maternal caffeine intake and miscarriage, FGR, still birth or prematurity,
after adjustment for potential confounders17-21. Overall, the findings were consistent with an increased
risk of FGR and miscarriage from higher consumption of caffeine, but because of limitations in study
designs (e.g. inaccurate assessment of caffeine exposures, potential for recall bias in case-control
studies, and possible residual confounding), they do not allow firm conclusions about the relation of
risk to levels of exposure.

27. Fewer studies looked at CYP1A2 activity and pregnancy outcomes, due to substantial confounding by
smoking status, which is hard to correct for. One investigation suggested an increased risk of FGR in
women with fast metabolic phenotype22, while another found an association of caffeine intake with
miscarriage only in women with low CYP1A2 activity23.

Related observations from studies using experimental animals

28. The potential reproductive effects of caffeine have been studied in a wide range of species and
strains of animals. In studies administering repeat doses of caffeine (12.5 mg/kg body weight per day
and higher) to rats throughout pregnancy, significantly decreased birth weights have been noted24. It is
not possible to determine whether this was due to a direct effect of caffeine on the fetus or
secondary to decreased maternal body weight gain since it was observed only when there was a
decrease in maternal body weight gain. In mice administered caffeine in drinking water at levels
equating to consumption of 22, 44 and 88 mg/kg/day a reduction in number of live pups/litter of 15
and 20% was observed in the medium and high dose level group, respectively. For the F0 animals there
were no effects on body weight, but alopecia occurred in 55% of the medium dose and 50% of the
high dose animals25.

29. Studies in the Cynomolgus monkey, Macaca fascicularis, have shown a high rate of still births and
miscarriage with maternal caffeine intakes of 10-15 mg/kg body weight per day, given via drinking
water26. In 2001 the COT noted “that the main serum metabolite of caffeine in monkeys is
theophylline, whereas in humans it is paraxanthine and that information on the comparative toxicities
of these metabolites is not available.” It should be noted that the Cynomolgus monkey does not
constitutively express CYP1A2 (which is the main enzyme responsible for caffeine metabolism) 27..
Thus, for a given dose of caffeine, the monkeys’ systemic exposure is likely to be higher. Furthermore,
there were limitations in the study design and therefore this study is not informative for assessing the
risks of caffeine intake in humans.
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Committee discussion

30. With regard to the new FSA-funded research, FGR was considered to be a relatively robust endpoint,
unlike miscarriage, which is difficult to ascertain reliably as it often occurs before women know they
are pregnant, or before they have been recruited to a study. Members noted that decreases in birth
weight of as little as 10-15 g can have implications for future health outcomes, particularly in pre-term
babies.

31. Caffeine consumption was assessed retrospectively by means of a questionnaire completed at
interview at the end of each of the three trimesters of pregnancy, women being asked to recall their
caffeine consumption during 4 week periods. Data on caffeine intake from all sources were recorded
(tea, coffee, hot chocolate, soft drinks, chocolate) including information on brand, serving size and
preparation of product. Caffeine consumption is likely to have been estimated with reasonable
accuracy as, because of the repeated administration of the questionnaire, recall was recent and for
most before pregnancy outcome or birth weight were known. Salivary cotinine measurement
confirmed the accuracy with which the women reported their smoking habits.

32. The half-life of caffeine was measured in women in a “caffeine challenge” the a priori hypothesis being
that an increased half-life would be associated with an increased risk of FGR, based upon the
assumption that clearance would remove the potential hazard. However, this was not found. Rather,
the analysis suggested that if anything, risk of FGR was higher in faster metabolisers than in slower
metabolisers. This result is consistent with the findings of Grosso et al22, who reported increased risk
of intrauterine growth retardation (IUGR) in association with serum paraxanthine levels >149 ng/ml and
higher paraxanthine/caffeine ratios. There are no reports of animal studies investigating reproductive
effects of paraxanthine.

33. It was noted that adjustment for various potential confounding factors had little impact on risk
estimates.

34. The fact that repeat modelling of the risk of FGR according to caffeine intake showed a similar dose-
response relation after exclusion of women with caffeine intakes in excess of 300 mg per day
suggested that the modelled relationship was not unduly influenced by findings for women with the
highest caffeine intakes. The Committee noted the possibility that fitting a different mathematical
model to the data may have importantly influenced the dose-response relationship observed in
Figure 1, and that there was considerable uncertainty about the shape of the dose-response
relationship at lower intakes. They noted that the model used placed weight on those with intakes
below 50 mg/day (who may have differed in their exposure to confounding lifestyle factors) and
questioned whether it was the most appropriate choice. Hence it would be inappropriate to attempt
to determine a threshold dose from this figure.
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Committee conclusions

35. We consider that the FSA-funded research contributes usefully to the body of evidence on the
relation between caffeine intake and adverse birth outcomes.

36. From this work and from the other studies that have been published, we conclude that caffeine intake
during pregnancy is associated with an increased risk of FGR. It is still not possible to be confident that
the association is causal rather than a consequence of residual confounding, but it would be prudent
to assume causation.

37. The evidence that is now available does not make it possible to identify a threshold level of caffeine
intake below which there is no elevation of risk, and it seems likely that risk is increased in association
with intakes in the order of 200 mg per day and perhaps even lower. However, if the relation is indeed
causal, then the absolute increase in incidence of FGR from intakes less than 200 mg per day is likely
to be less than 2% of infants.

38. The literature suggests a positive association of caffeine intake with miscarriage, but there are
uncertainties relating to possible recall bias and residual confounding.

39. Data on maternal caffeine consumption during pregnancy and associations with adverse effects other
than FGR and spontaneous miscarriage, such as pre-term birth and congenital malformations, are
inconclusive.

COT Statement 2008/04
September 2008
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Figure 1 Modelled relation between risk of fetal growth restriction (FGR) and caffeine intake (mg/day) during
pregnancy.

The relation is modelled by the best-fitting second-order fractional polynomial, with 95% confidence
intervals. For clarity, the graph is restricted to caffeine intakes <500mg/day. Horizontal dotted lines mark
national average risk of FGR (10%) and the average risk in the cohort (13%).
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Annex A

Search strategy for review of research on reproductive effects of caffeine

Pubmed

Colleagues at the Food Standards Agency’s Information Centre searched using the following search terms:

(caffeine OR coffee) AND [("adverse effects" AND "pregnancy") OR "fetal growth restriction" OR "fetal growth
retardation" OR "FGR" OR "fetal growth" OR "miscarriage" or "outcomes" OR "birth weight" OR "intrauterine
growth retardation" OR "IUGR" OR "small for gestational age" OR "SGA" OR "fetus" OR "preterm birth")]

Limits imposed on search: Published between 2001-2008, limited to ‘humans’

Total number of papers: 32

Of these, 2 papers were not ordered as they were review articles, 2 reported studies performed in rodents, 1
described a study of factors affecting IVF fertility and 6 referred to caffeine only as a confounder in irrelevant
studies.

Search conducted on PubMed using the following search string:

(caffeine OR coffee) AND ("adverse effects" AND "pregnancy")

Limits imposed on search: Published between 2001-2008, limited to ‘humans’

Total number of papers: 88

This search yielded 24 potentially useful references that were not identified in the previous search. All of the
other references in this search were duplicates of those already obtained, or were disregarded primarily as
they described studies where pregnancy outcome was not the main focus of the study, or focussed on
different species such as primates, rats or mice, or for one of the reasons stated previously.

British Library Inside

Search conducted on British Library Inside using the following search string:

(caffeine OR coffee) AND pregnancy

Limits imposed on search: Published ≥2001 only.

Total number of papers: 72

Of these 18 had not been previously identified. All of the other references in this search were either duplicates
of papers already obtained, duplicates within the search, or were disregarded for the reasons outlined above.
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Current Contents

Colleagues at the Information Centre searched using the following search terms:

(caffeine OR coffee) AND [("adverse effects" AND "pregnancy") OR "fetal growth restriction" OR "fetal growth
retardation" OR "FGR" OR "fetal growth" OR "miscarriage" or "outcomes" OR "birth weight" OR "intrauterine
growth retardation" OR "IUGR" OR "small for gestational age" OR "SGA" OR "fetus" OR "preterm birth")]

Limits imposed on search: Published ≥2001 only.

Total number of papers: 175

From the results of this search only 2 had not been previously identified. Most references were duplicates of
those already found and some related to studies conducted in rodents and primates.

From the references (n = 75) obtained, 42 were excluded once the full paper was retrieved: as they were
reviews (9), letters in response to papers (7), included in the 2001 COT review (3), studies reporting on maternal
health outcomes/fertility (5), reported health issues in young children (6), reporting intake estimates (4),
described the use of caffeine for apnoea of prematurity (2), in a foreign language (2), or duplicates (4).
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Statement on the Risk to Consumers of Eating Foods Derived from
animals that had eaten bracken

Background

1. Several cases of bracken poisoning in farm animals have been reported. The Committee was asked to
consider the hazards to the health of consumers eating foods derived from bracken-poisoned animals,
and whether there were sufficient data to establish how long poisoned animals should be left before
they may safely be milked or slaughtered for human consumption. It was noted that bracken is eaten as
a vegetable in some parts of the world, but the Committee was not aware of it being eaten in the UK.

2. Bracken (Pteridium aquilinum) is an invasive fern that is common throughout the world with several
different sub-species (formerly referred to as varieties). The sub-species that are found in the UK are
aquilinum (the common form), latiusculum (found in Scottish pine forests) and atlanticum (found
mostly in limestone areas of Wales and Scotland)1. Bracken is found in all parts of the country and
dense growths cover large areas of land in Wales, Scotland and northern England2.

3. Eating bracken can be harmful to farm animals and there is some evidence that it might also be
harmful to humans. The sub-species found in the UK are toxic and potentially fatal to farm animals if
eaten. However, there is great variation in the amount of the bracken toxin ptaquiloside, and possibly
of other bracken toxins, in the different sub-species of bracken that are found throughout the world3.
There is also variation between strains within particular sub-species of bracken4 and at different times
of the year5. All parts of the bracken plant contain potentially harmful chemicals, some of which can
be excreted in milk and may leave residues in meat and offal derived from animals that have eaten the
plant. Thus there is a potential hazard to consumers.

4. The COT and its sister committees the COM and the COC last advised on the safety of foods derived
from animals reared on bracken-infested land in the Annual Reports of the COM in 19936 and of the
COT in 19967. The Committees had considered the available information on carcinogenicity and
mutagenicity of bracken, along with the results of a government-sponsored study of the transfer of
bracken mutagens into milk from goats fed on bracken. The COT Annual Report for 19967 reported
that the COC concluded in 1988 that “There were…few data available at that time about the extent to
which farm animals grazed on bracken and the occurrence of bracken constituents in dairy products.”

5. It was also stated in the COT Annual Report7 that “Human epidemiology data [were] limited and the
COC concluded that evidence of carcinogenicity was inconclusive. Carcinogenicity studies in
laboratory animals in which whole bracken had been administered in the diet, in some cases
accounting for up to one third of the total diet, were flawed in their experimental design, execution
and interpretation. However, despite these limitations, the COC concluded that these studies had
demonstrated a clear trend for increased benign and malignant tumours of the small and/or large
intestine and/or urinary bladder and that there was a need for properly conducted carcinogenicity
bioassays in rats and mice. The COC also considered the active constituents of bracken and
concluded that ptaquiloside, an inherent constituent of bracken, had been shown to be capable [of]
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reproducing some [of] the carcinogenic effects of whole bracken.” In addition, the International
Agency for Research on Cancer (IARC) classified bracken in Group 2B: possibly carcinogenic to
humans125.

6. It was reported in the COM Annual Report for 19936 that:

● “Solvent extracts of bracken fern showed mutagenic activity in bacterial assays. There was
evidence that most of the mutagenic activity appeared to be due to the compound ptaquiloside,
but other potentially mutagenic compounds might be present. There were some data suggesting
that this activity was expressed in mammalian cells in vitro. There were limited data available
which suggest this mutagenic potential might be expressed in vivo.”

● “Work carried out by MAFF50, 156 [the Ministry of Agriculture, Fisheries and Food] on the possibility
of bracken mutagens being transmitted to the milk of bracken-fed goats suggested that very
little, if any, mutagenic activity is present in the milk of the goats which were exposed to UK
bracken for short time periods of time (1 month).”

● “In view of the fact that cattle and goats would not eat bracken if other food is available, the
Committee did not recommend that any further work should be carried out at present on the
risk of transmission of mutagenic compounds from bracken into milk for human consumption,
provided that the milk was bulked and processed centrally.”

7. It was reported in the COT Annual Report for 19967 that the COT “accepted the advice of the COC
and COM, and agreed that the risk to the population was very low and that further research need not
be undertaken on bracken fern mutagens”.

8. Since 1996, there have been several reports of farm animals eating bracken. As a consequence, the
expectation that farm animals would not readily eat bracken needs to be reconsidered. The Veterinary
Laboratory Agency (VLA) has identified several cases of suspected bracken poisoning in farm animals.
There were 22 cases of bracken poisoning in cattle reported to the VLA between 1999 and 20078. In
addition, there was a report11 in 2007 of two pigs that were suspected of having been poisoned by
bracken. It is likely that many more cases of bracken poisoning would have gone unreported, as there
is no requirement to report bracken poisoning. It is also likely that many other animals would have
eaten bracken without showing clinical signs of poisoning. Several food-producing species, including
pigs and sheep, readily eat bracken and are used to clear bracken from pastures8. Furthermore, cattle
have been observed to eat hay containing up to 30% bracken9. It has been reported that some horses
and sheep eat bracken in preference to their normal pasture10.

9. In addition, several reports of new studies of the safety of bracken have been published since the last
consideration by the COT, the COM and the COC. The areas of interest covered by the new studies
include human epidemiology and possible modes of action for the carcinogenicity of ptaquiloside.
Both new and old studies are summarised in this Statement. The criteria by which relevant research
was identified are set out in the Appendix to the Statement.
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Constituents of Bracken

10. Bracken contains a large number of potentially harmful substances, including illudane and
protoilludane glycosides (such as ptaquiloside12, 13, ptaquiloside Z14, isoptaquiloside15, pteroside A216,
pteridanoside16 and caudatoside15, terpenic indanones (pterosins)15, 16, p-hydroxystyrene glycosides
(ptelatosides A and B)13, the cyanogenic glycoside prunacin17, braxin glycosides18, the flavinoid quercetin
and its glycoside rutin19, 20, kaempferol19, 20, shikimic acid21, thiaminases22, ecdysteroids22 and tannins22.
Other substances detected in bracken include dihydrocinnamic acids, phloretic acid, dihydroferulic
acid, 2,3-butanediol, 3-methylbutan-2-ol, monomethylsuccinate, methyl-5-oxoproline, 2(3H)-
dihydrofuranone and t-2-methylcyclohexanol13, 23, 24, 25, 26. Little is known of the toxicology of many of
these substances and information on the amounts in bracken is often lacking.

Toxicity of Bracken

Experimental Studies in Laboratory Animals and in vitro

11. Most of the available studies are investigations of the carcinogenicity and mutagenicity of bracken.
There is no available carcinogenicity bioassay of bracken that has been performed to modern
standards, but the carcinogenicity of bracken has been investigated in numerous more limited studies
of several species of bracken. Feeding of bracken to several strains of mice at 25% or more in the diet
for 6 weeks or longer27, 28, 29, 30 produced neoplasms, including leukaemia, lung adenomas, intestinal
tumours, bladder tumours and liver nodules. In rats19, 31, 32, 33, 34, 149, 1% or more dietary bracken caused
tumours including gastrointestinal adenocarcinomas and sarcomas, mainly in the ileum; transitional cell
carcinomas of the urinary bladder; and pre-neoplastic nodules in the liver. In female Sprague Dawley
rats, 1% or 2% dietary bracken caused mammary adenomas and fibroadenomas, but these were not
seen in female F344 rats given the same treatment149. In guinea-pigs35, 36, 37, 30% dietary bracken caused
intestinal adenomas and adenocarcinomas and transitional cell carcinomas of the bladder, and it also
caused panmyelopathy of the bone marrow and haematuria. In toads38, dietary bracken caused ileal
adenocarcinomas and malignant liver tumours. In 1988, the COC concluded7 that the carcinogenicity
studies of bracken in laboratory animals had demonstrated a clear trend towards increased incidence
of benign and malignant tumours of the small and/or large intestine and/or urinary bladder but that
there was a need for properly-conducted carcinogenicity studies in rats and mice.

12. Mice given Welsh bracken spores by stomach tube were found to have DNA-adducts in their stomach
and small intestines, but not in the liver39. In contrast, rats fed Brazilian bracken (a sub-species not
found in the UK) did not have DNA-adducts in their stomach or ileum160. Cytogenetic analysis of
blood taken from cows40, 41, 42 or people43, 44 who had eaten bracken showed increased numbers
of chromosomal aberrations.

13. Processed bracken and various extracts from bracken have been tested for carcinogenicity13 or
mutagenicity12. All parts of the bracken plant were carcinogenic in rats but the tips of young fronds
(parts of the plant that are eaten by humans in some parts of the world) were the most potent45.
Traditional methods of preparation of bracken for human consumption (boiled, treated with wood ash
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or sodium bicarbonate, pickled in salt) reduced its carcinogenic potency in rats28. However, drying or
freezing preserved the carcinogenic/mutagenic potency of bracken and the carcinogenic/mutagenic
component(s) was extractable in aqueous media and in several organic solvents12, 13. Various extracts of
bracken (including boiling water, acetone, methanol and ethanol extracts) were mutagenic to Ames
strains of Salmonella typhimurium152, 153, 154, 155. There is some evidence that bracken and/or its extracts
may be mutagenic in vivo, as indicated by the results of cytogenetics assays on tissues from
intraperitoneally-dosed mice157, bracken-fed cattle40, 41, 42 and bracken-consuming humans43, 44; a
dominant lethal assay in Drosophila46, 47; an unspecified test in mice46 and 32P-postlabelling to detect
DNA adducts in tissues of exposed mice39 and rats160. Milk from bracken-fed cows48, 49 was mutagenic
to Ames strains of Salmonella typhimurium, and milk from cows fed on substantial amounts of
bracken was carcinogenic in mice51 and rats48. In 1993, when the COM considered7 the available
mutagenicity studies on bracken extracts, it concluded that there was evidence that mutagenic
activity was expressed in mammalian cells in vitro and there was limited evidence (from observations
of effects in exposed farm animals) that this activity might also be expressed in vivo. Positive results in
several in vivo studies41, 42, 43, 44, 157, 160 that have been performed since 1993 strengthen the evidence
that bracken is an in vivo mutagen.

14. Repeat-dose toxicity studies have been performed in rats, guinea-pigs, rabbits and cats but a NOAEL
was not identified in any of the studies. In rats52 and rabbits53, 25% dietary incorporation of dried
bracken, containing 4.6 to 20.7 ppm ptaquiloside, for 30-90 days caused various adverse effects,
including reduced bodyweight gain, leucopaenia, oedema of the brain and degenerative changes in the
liver and testes. In the rats there were also sub-epicardial haemorrhages in the heart and
hypersecretion into the intestines. In the rabbit study, there was also haemorrhaging in various organs
and depletion of lymphoid follicles in the spleen and mesenteric lymph nodes. In guinea-pigs143 given
30% dried bracken in the diet, there was decreased feed intake and decreased bodyweight gain. Cats
given 10 g of dried bracken every 48 hrs died at 9-10 days after the start of treatment54. All of the cats
suffered hepatotoxicity.

15. The results of a developmental toxicity study in mice55 showed that bracken in the diet at a
maternally toxic dose caused low fetal weights and skeletal abnormalities (extra cervical or lumbar ribs,
incomplete fusion of sternebrae, retarded ossification) in the offspring. No studies have been
performed in laboratory animals to investigate reproductive toxicity over several generations.

Clinical and Epidemiological Findings in Farm Animals

16. Acute poisoning of farm animals fed on bracken can be fatal56, 57. Prolonged ingestion of sub-lethal
amounts of bracken can lead to toxic effects that differ between species. Consumption of bracken is
also associated with the development of tumours. The sites where tumours develop vary between
species.

17. Sudden death with signs of toxicity similar to cyanide poisoning has been reported in animals fed on
young fronds of bracken58. This is thought to be related to the presence in bracken of the cyanogenic
glycoside, prunacin.
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18. In non-ruminant species, the principal adverse effect of dietary bracken is to cause a deficiency of
thiamine (vitamin B1) through the action of thiaminases in the bracken56. Bracken has not been seen to
cause thiamine deficiency in ruminants, whose gut microflora can synthesise this vitamin, or in
humans, perhaps because their level of exposure to bracken is lower and they have a more varied diet.

19. In adult cattle, dietary exposure to bracken can cause a severe panmyeloid depression of bone
marrow activity, which is expressed clinically as an acute haemorrhagic syndrome57. Calves show a
different acute clinical syndrome involving bradycardia, laryngeal oedema and death from heart
failure57. Prolonged dietary exposure of cattle can result in chronic depression of bone marrow
activity, which can cause leucopaenia and thrombocytopaenia, which in turn leads to widespread
petechial haemorrhages59. It has been proposed121 that immunosuppression resulting from the effects
of bracken on the bone marrow might make animals more prone to infections. Chromosomal
instability has been reported in lymphocytes taken from cattle that had been fed bracken145.
Prolonged exposure of adult cattle can result in a chronic disease called bovine enzootic haematuria
(BEH) that involves changes to the blood vessels of the urinary bladder and the later development of
benign and malignant bladder tumours60. Syndromes similar to BEH have also been described in
buffalo, sheep and deer61. Bracken feeding of cattle has also been associated with a slow-developing
epidermoid carcinoma of the upper digestive tract and a progressive retinal degeneration56. Sheep are
more prone to progressive retinal degeneration (called bright blindness or PRD in sheep) than cattle58.

20. In quail, the feeding of bracken caused reduced testis weight and reduced male fertility, and feeding
of a solvent extract of bracken caused adenocarcinomas of the caecum, colon and distal ileum35.

Clinical and Epidemiological Findings in Humans

21. When COC reviewed bracken in 19887, it concluded that human epidemiological data were limited and
that evidence of carcinogenicity was inconclusive. Since then, several new observations have been
reported54, 62, 67, 68, 70, 71, but the totality of evidence remains sparse. The human populations that have
been investigated include people in Japan and Brazil who had been directly exposed by eating bracken
and people in Wales and Costa Rica who may have been indirectly exposed as a result of living in
bracken-infested areas (eg. by consuming residues of chemicals from bracken in drinking water or
animal-derived foods such as milk).

22. Ecological studies have indicated higher rates of stomach cancer (both sexes) and oesophageal cancer
(men) in rural districts of Gwynedd, North Wales where a larger proportion of land area was covered
by bracken70, of stomach and oesophageal cancer in a bracken-infested as compared with a bracken-
free region of Costa Rica54, and of stomach cancer in highland areas of Venezuela where pastures were
infested by bracken68. A large cohort study found elevated risk of oesophageal cancer in relation to
combined intake of bracken fern and hot tea gruel among inhabitants of mountainous districts of
Japan66, and a case-control investigation, also in Japan, showed a similar association65, although it is
unclear from the brief descriptions available whether this was an independent investigation or part of
the same study. A case-control study of stomach cancer in Gwynedd found a statistically significant
association (p < 0.001) with bracken in the vicinity of the childhood home with an estimated relative
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risk (RR) of 2.34 (confidence intervals not reported)71. A small case-control study of upper
gastrointestinal (stomach and oesophageal) cancer in Brazil gave an odds ratio of 3.63 (95%CI 1.24-10.63)
for bracken consumption, but the choice of controls was not ideal, and the statistical analysis failed to
account for the matching in the study design67. More recently, a large, prospective cohort study in
Japan found a significantly increased risk of oesophageal cancer in men who reported frequent
consumption of wild edible plants (mainly bracken) in a questionnaire at baseline (RR 2.98, 95%CI 1.46-
6.07)62. However, the corresponding risk estimate in women was unremarkable (RR 1.39, 95%CI 0.56-
3.47)62.

23. Few conclusions can be drawn from these epidemiological findings. Many of the studies have been
inadequately reported or were methodologically unsatisfactory. The three ecological investigations
were limited by their inability to adjust for potential confounding factors, and the case-control study
in Gwynedd71 did not take into account the possibility of confounding by Helicobacter pylori
infection, which has been linked to domestic crowding in childhood150. In the past, domestic crowding
was common in rural North Wales.151 In the strongest and best reported investigation62, the association
of oesophageal cancer with bracken consumption was found only in men and not in women.

Toxicity of the Main Constituents of Bracken

Ptaquiloside and activated ptaquiloside (APT)

24. In 1983, two separate groups of workers in Japan13 and the Netherlands12 independently identified
ptaquiloside (a norsesquiterpene glycoside of the illudane type) as the principal substance responsible
for the carcinogenicity and mutagenicity of bracken. They had used extraction and separation
techniques to obtain various fractions, which they had then tested with mutagenicity assays12 or
short-term carcinogenicity assays in rats13 to find those with the highest mutagenic/carcinogenic
potency. The chemical structure of the principal compound (ptaquiloside) in the most potent fraction
was then determined.

25. Ptaquiloside is a water-soluble substance that has been detected in all parts of the bracken plant18. It
is stable in dried bracken18. In mildly alkaline conditions, isolated ptaquiloside readily breaks down to its
carcinogenically-active form, activated ptaquiloside (APT)22. Both ptaquiloside and APT slowly break
down in acidic conditions to form pterosin B18, which is not carcinogenic. Composting bracken
destroys the ptaquiloside5.

26. Some of the observed clinical effects of dietary bracken in farm animals have been reproduced in
experiments in which animals were dosed with ptaquiloside. Progressive retinal degeneration (PRD or
bright blindness) has been reproduced in sheep given ptaquiloside intravenously73. Haemorrhagic
cystitis and haematuria have been produced in guinea-pigs (but not rats or mice) given subcutaneous
ptaquiloside74.

27. It has been suggested that ptaquiloside is responsible for more than half of the mutagenic potency of
bracken12, and the COM agreed7 that most of the mutagenic activity of bracken appeared to be due
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to ptaquiloside. No carcinogenicity bioassay of ptaquiloside has been performed to modern
standards, but its carcinogenicity has been investigated in more limited studies in rats. Ptaquiloside was
administered as either an initial oral dose of 780 mg/kg bw followed by 8 weekly doses of 100-200
mg/kg bw, or as twice weekly doses of 100-150 mg/kg bw for 8½ weeks, after which the rats received
no further treatment for the rest of their lives75. Rats given the initial high dose developed haematuria
and a loss of bodyweight, and both treatments produced tumours of the mammary gland
(adenocarcinomas, papillary carcinomas and anaplastic carcinomas) and ileum (adenocarcinomas).
“Conspicuous preneoplastic hyperplasia of the mucous membrane of the urinary bladder” was seen in
all of the treated rats that survived 40 days or more. In another study, rats given a diet containing
0.027 to 0.080% ptaquiloside in their diet (equivalent to 27 - 80 mg/kg bw/day) developed cancers of
the ileum and/or bladder within 15 to 60 days76. In a parenteral-dosing study, no tumours were seen in
rats that had been given weekly intravenous doses of 20.7 mg/kg bw of ptaquiloside (equivalent to
3 mg/kg bw/day) for 10 weeks, followed by 30 weeks without further treatment, but these rats
developed monocytosis and focal renal tubular necrosis77. The COC noted7 that ptaquiloside had
been shown to be capable of reproducing some of the carcinogenic effects of bracken.

28. Oral dosing of rats with APT at 10 weekly doses of 20.7 mg/kg bw (equivalent to an average dose of
3 mg/kg bw/day) or at 3 weekly doses of 41.4 mg/kg bw (equivalent to 6 mg/kg bw/day) did not
produce any tumours detectable when the animals were killed 30 weeks later78. Nor did administration
of APT as 10 weekly intravenous injections of 20.7 mg/kg bw. However, other adverse effects were
seen in all groups: tubular necrosis of the kidneys, monocytosis and elevated plasma tumour necrosis
factor TNFα. In addition, the orally-treated rats showed necrosis of blood cell precursors in the bone
marrow and had apoptotic bodies in their livers.

29. Ptaquiloside was tested for mutagenicity at different pHs. It was not mutagenic in either TA98 or
TA100 strain of Salmonella typhimurium when tested at pH 7.4 in the absence of metabolic activation,
but was mutagenic in both strains if it was pre-incubated at pH 8.579, 80, 81. It caused chromatid
exchange type aberrations in CHL-cells in the presence and absence of S9 at pHs 5.3, 7.4 and 8.3, but
the genotoxic potency was greater at the higher pHs82. Ptaquiloside also produced DNA-adducts in
vitro83 and caused in vitro unscheduled DNA synthesis in a rat hepatocyte culture at pH 7.284.
Ptaquiloside and APT were shown to be alkylating agents, with APT being the more potent60. No
in vivo mutagenicity assays of ptaquiloside were found.

30. It seems likely that ptaquiloside is responsible for at least some of the carcinogenicity and toxicity of
bracken. The carcinogenicity appears to involve a genotoxic mode of action.

Illudane Substances Other than Ptaquiloside & APT

31. No toxicological data are available for the illudane and protoilludane glycosides other than
ptaquiloside that have been identified in bracken: ptaquiloside Z, isoptaquiloside, pteroside A2,
pteridanoside and caudatoside. However, their chemical similarity to ptaquiloside raises the concern
that some of them might be similarly carcinogenic by a genotoxic mode of action.
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Terpenic Indanones

32. A large number of terpenic indanones have been isolated from bracken, including pterosins A, A2, B, C,
D, E, F, G, J, K , l, N, O V and Z and pterosides A, B, C and M16, 56. Indanones are found in high
concentrations (up to approximately 24 ppm) in young fronds22, but they do not act as alkylating
agents22. Pterosin B is much less electrophilic than ptaquiloside84. A range of different indanones
(pterosins A, B, C, D, E, F, G, K, L, N and Z; acetyl pterosin C; benzoylpterosin B; and palmitylpterosins
A and B) were shown to be non-mutagenic at pH 7.4, when tested in Salmonella typhimurium strains
TA98 and TA100 in the presence and absence of S979, 80, 85, 86. A selection of indanones (pterosins A, B,
C, F and L; and pterosides A, B and C) were also non-clastogenic when tested in CHL cells in the
absence of metabolic activation87 (not tested in the presence of metabolic activation). No studies of
the mutagenicity or carcinogenicity of pteroside A2 were available. Extracts of fronds and of rhizomes
of Welsh bracken, containing high levelsa of pterosins, pterosides and other non-specified indanones,
did not cause leucopaenia or thrombocytopaenia in calves88.

33. There is insufficient evidence to establish whether or not terpenic indanones are likely to be
responsible for any of the toxicity of bracken.

p-Hydrostyrene Glycosides

34. The p-hydrostyrene glycoside, ptelatoside A (ρ-β-primerverosyloxystyrene) was tested in rats at a
concentration of 1.3 ppm in the diet (equivalent to 0.065 mg/kg bw/day) for 109 or 125 days13. At this
dose, there was no evidence of any carcinogenicity when the animals were killed at 520 days after the
start of the experiment. There was insufficient ptelatoside A available to test higher concentrations.

35. Another p-hydrostyrene glycoside, ptelatoside B (ρ-β-neohesperidosyl oxystyrene), has also been
isolated from bracken, but it has not been toxicologically tested. There is no evidence to indicate
whether or not any of the toxicity of bracken is due to the presence of p-hydrostyrene glycosides.

Prunacin

36. Prunacin is a cyanogenic glycoside that is present in some sub-species of bracken. Cyanogenic
glycosides can become toxic by releasing hydrocyanic acid (HCN) when hydrolysed by enzymes that
may be released when tissues are damaged. A polymorphism exists in bracken: not all plants are
cyanogenic as some lack either prunacin or the enzymes needed to liberate hydrocyanic acid from it.
Farm animals seem to avoid eating the cyanogenic sub-species. Prunacin is usually present in bracken
at harmless quantities, but there have been fatal cases of cyanide poisoning in animals that have been
fed on young fronds of bracken22, 56.
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a Pterosins A, B, C and others were isolated from the fronds with yields of 40, 190, 40 and 20 ppm, respectively, and pterosins A, B and others and
pterosides A, B, C and others were isolated from rhizomes with yields of 20, 20, 20, 320, 570, 370 and 90 ppm, respectively, and the concentrated
extracts that were tested contained the equivalent of 3.6 and 1.8 kg of the dried frond and rhizome, respectively, in each litre. Each morning for 30
days, a calf was fed an amount of extract of frond or rhizome that was equivalent to 1 kg of dried bracken material. Thus, one calf received daily
doses of frond extract supplying pterosins A, B, C and others at respective concentrations of 11, 52, 11 and 5.6 ppm; whereas another calf received
daily doses of rhizome extract supplying pterosins A, B and others and pterosides A, B, C and others at respective concentrations of 11, 11, 11, 178, 317,
206 and 50 ppm.
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37. Up to 61 mg/g of prunacin has been detected in fresh plant material from a Venezuelan tropical sub-
species of bracken (Pteridium aquilinum var. arachnoideum), with the highest concentrations being
found in young fronds17. It was noted in Venezuela that the arachnoideum sub-species of bracken
contained more prunacin than the caudatum sub-species22. No quantitative information is available on
the amount of prunacin in British sub-species of bracken, but it has been reported that the highest
concentrations occur in early to mid spring22. One gram of prunacin has the potential to release up to
96 µg of HCN17. Thus up to 5.9 µg of HCN might be released from 1 gram of the fresh Venezuelan
bracken.

38. In its 2006 Statement on Cyanogenic Glycosides in Bitter Apricot Kernals89, the COT concluded that
the limited chronic toxicity data available were not sufficient to propose a tolerable daily intake (TDI)
for cyanide, but it noted that the World Health Organisation (WHO) and the Council of Europe (CoE)
had established TDIs of 12 and 20 µg/kg bw, respectively. The COT proposed a nominal acute reference
dose (ARfD) of 5 µg/kg bw, by applying a 100-fold uncertainty factor to the lowest reliably observed
acute lethal dose in humans of 0.5 mg/kg bw. A person of 60 kg bodyweight would need to eat more
than 50 g of the Venezuelan bracken to exceed this ARfD, and to regularly eat about 125 g per day of
this bracken to exceed the TDI that was set by WHO. It is conceivable that an extreme consumer of
bracken might experience acute cyanide toxicity as a result of eating a large portion of a sub-species
of bracken that is high in prunacin. However, consumption of bracken by humans is not known to
occur in the UK. No data are available on residues of prunacin or cyanide in foods derived from
animals that have eaten bracken, so it is unclear whether UK foods derived from bracken-exposed
animals would contain sufficient prunacin or cyanide to cause toxicity in human consumers without
causing serious toxicity in the animals. As the level of exposure of humans to prunacin and cyanide
from foods derived from animals that have consumed bracken is likely to be less than that of the
directly-exposed farm animals and as humans are not markedly more susceptible to cyanide than
other species158, it is considered likely that animals would show clear signs of toxicity if they had
consumed sufficient bracken to leave toxic levels of cyanide or prunacin in foods derived from them.
Furthermore, the Scientific Panel on Contaminants in the Food Chain of the European Food Safety
Authority (EFSA) has advised159 that the carry-over of cyanide and cyanogenic residues into milk, meat
and eggs derived from animals intoxicated with cyanogenic glycosides is likely to be “very low” in all
food-producing species.

Braxin Glycosides

39. Braxins A1, A2 and B have been detected in rhizomes of bracken90. Braxins A1 and A2 were present in
rhizomes at a combined concentration of up to 600 ppm, but were not detected in fronds90. Braxins
A1 and A2 are aromatic β-glucopyranosides90, but their precise chemical structure has not been
established. The chemical structure of braxin B is not known. (“Braxin C” is ptaquiloside.)

40. Subcutaneous injections of braxins A1, A2 and B induced haemorrhagic cystitis in guinea-pigs (as did
ptaquiloside)91. Braxins A1 and A2 also caused a dose-related release of histamine from rat peritoneal
cells in vitro, with swelling of the cells90. The in vitro histamine-releasing activity of glycosides
extracted from rhizomes (which include braxins A1 and A2) was about ten times greater than that of
glycosides from the fronds (braxins A1 and A2 not present) 90.
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41. It is possible that braxin glycosides play a part in the aetiology of the haemorrhagic cystitis that is seen
in cattle and some other species.

Quercetin

42. Quercetin was found in bracken at concentrations of up to 860 ppm (dry weight)20, but is also found
in many fruits and vegetables, often at higher concentrations (eg. up to 65,000 ppm in onions)24. It has
been estimated146 from national dietary records in Australia, the Netherlands, Finland, Italy, Croatia,
Japan, and the USA that the habitual diets of consumers gave them mean intakes of quercetin from
<5 to approximately 40 mg/person/day, although intakes as high as 200-500 mg/person/day could be
achieved by high consumers of fruit and vegetables.

43. Orally administered quercetin was not very well absorbed92. It is either converted to phenolic acids by
the gut flora or voided unchanged in the faeces.

44. Quercetin was of low cytotoxicity when tested in vitro using CHO cells, 3T3 mouse fibroblasts and
normal rat kidney (NRK) cells93.

45. In calves, oral doses of up to 20 g/calf/day for several months had no effect on incidences of BEH or
papillomavirus-induced cancer of the urinary bladder94. It has been claimed that exposure to quercetin
is associated with bovine cancers of the upper alimentary tract22, but no evidence has been found to
support this claim.

46. There is limited evidence to suggest that quercetin could be carcinogenic. In a two-year feeding study
performed in F344 rats given 1000, 10000 or 40000 ppm quercetin in their diet (equal to approximately
40, 400 and 1900 mg/kg bw/day), there were increased incidences of hyperplasia and adenomas of
renal tubules at all doses in males with adenocarcinomas also being seen in the top-dose males (no
adverse effects in females)95. In another study in F344 rats96, 40000 ppm in the diet (1900 mg/kg
bw/day) caused benign tumours in the renal tubules of males, but not in females, although no adverse
effects were seen at dietary concentrations of 100 or 1000 ppm. It is noted that renal tumours were
not produced when rats were fed bracken. In a third study in F344 rats149, females were given dietary
levels of 10000 or 20000 ppm of quercetin (500 and 1000 mg/kg bw/day) throughout their lives
(approximately 750 days) and at both dose levels there were increased incidences of liver pre-
neoplastic foci, hepatomas and bile duct tumours. In a study in Norwegian albino rats, administration
of 10000 ppm quercetin in the diet (equivalent to 400 mg/kg bw/day) for 406 days caused transitional
cell carcinomas of the bladder19. It is noted that bladder transitional cell carcinomas were also
produced in rats fed bracken31, 34, 35, 51, 62, 73. The results of other carcinogenicity studies gave no
evidence to suggest that quercetin was carcinogenic when given in the diet: to ACI rats at up to
100 000 ppm (4000 mg/kg bw/day) for 850 days97; to F344 rats at 10000 ppm (400 mg/kg bw/day) for
540 days98; to F344 rats at up to 50000 ppm (2000 mg/kg bw/day) for 728 days99; to F344 rats at up to
2000 ppm (76 mg/kg bw/day for males and 58 mg/kg bw/day for females) for 448 days147; to ddY mice
at 20000 ppm (equivalent to 3000 mg/kg bw/day) for a lifetime (about 842 days)100; to strain A mice at
50000 ppm (7500 mg/kg bw/day) for 161 days148; or to golden hamsters at up to 100 000 ppm
(equivalent to 12000 mg/kg bw/day) for up to 735 days followed by treatment with 1% croton oil for a
further 350 days101.
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47. There is also some evidence that quercetin has anti-cancer properties. It has been suggested that it
causes inhibition and induction of different phase I and phase II metabolism enzymes, that it has
antioxidant effects, that it can induce apoptosis and that it can down-regulate oncogenes102. Oral
doses of quercetin given to rats caused a decrease in the ability of benzo(a)pyrene metabolites to
bind to DNA, and in vitro it inhibited the growth of cells from various human cancers92.

48. There is some evidence that quercetin is genotoxic. It can bind to DNA and cause single-strand
breaks103, 146. It gave positive results in several mutagenicity assays, including the Salmonella/microsome
reverse mutation assay95, 104, 105, 106, tests of SOS repair and reverse mutations in Escherichia coli146, gene
mutation (tk locus) assays in mammalian cells24, 107, 108, cytogenetics tests in mammalian cells24, 87, 95, 107,
109, and a sex-linked recessive lethal mutation test in Drosophila. On the other hand, quercetin gave
negative results in a forward mutation assay in Bacillus subtilis and in mammalian cell gene mutation
assays that used loci other than tk (hprt, aprt, ATPase)146. Quercetin gave inconsistent results in the
mouse bone marrow micronucleus test: with one experiment finding it mutagenic110 whilst others did
not111, 112. Quercetin did not cause unscheduled DNA synthesis in gastric mucosal cells of rats that had
been given oral doses111. Thus, although quercetin is mutagenic in several in vitro tests, the balance of
evidence suggests that it does not express its mutagenicity in mammalian systems in vivo.

49. In a recent review146 that covered the carcinogenicity and genotoxicity data on quercetin, it was
concluded that quercetin at dietary levels of up to 50 mg/person/day “would not produce adverse
health effects”. Given that many commonly eaten fruits and vegetables contain higher concentrations
of quercetin than are found in bracken, it is considered unlikely that quercetin is responsible for the
adverse effects caused by eating bracken.

Kaempferol

50. Kaempferol is chemically similar to quercetin, from which it differs by lacking one hydroxyl group. It
was found in bracken at a concentration of 1100 ppm (dry weight)19. It is also commonly found in other
plants24. Tea can contain up to 10,000 ppm of quercetin plus kaempferol, combined24.

51. A limited study in ACI rats (400 ppm feed given to 6 males and 6 females for 540 days) showed no
evidence to suggest that kaempferol was carcinogenic98. Mutagenicity tests suggest that kaempferol is
an in vivo mutagen. It gave a positive result for mutagenicity in a bone marrow micronucleus assay in
which mice were dosed intraperitoneally110. It also gave positive results in a sex-linked recessive lethal
assay in Drosophila113 and in several in vitro mutagenicity tests: the Salmonella/microsome assay86, 104,
105, 106, 114, gene mutation tests in mammalian cells (mutation at the tk locus of CHO cells107 and
development of resistance to 8-azoguanine in V79 cells108) and a cytogenetics assay in mammalian
cells107. Negative results were obtained for induction of gene mutations at the aprt, hgpt and ATPase
loci of CHO cells107.

52. It is possible that the presence of kaempferol contributes to the overall carcinogenicity of bracken.
However, given that many commonly eaten fruits and vegetables contain higher concentrations of
kaempferol, it is considered unlikely that kaempferol is responsible for other features of the toxicity
of bracken.
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Shikimic Acid

53. Shikimic acid was found at 1440 ppm (dry weight) in Welsh bracken21. It is also present in several edible
plants, including soybeans, star anise and green tea. Shikimic acid was destroyed in alkaline
conditions115.

54. Shikimate was of low cytotoxicity when tested in vitro in CHO cells, 3T3 mouse fibroblasts and
normal rat kidney (NRK) cells, with the concentrations inhibiting cell growth by 50% after 48h of
incubation being respectively 0.8, 0.7 and 1.0 millimolar (139, 122 and 174 ppm)93.

55. Intraperitoneal injection of 10 mg/mouse of shikimic acid caused death in mice within a few hours of
dosing, with haemorrhaging and “denudation” of the intestinal mucosa115.

56. Developmental toxicity was tested in pregnant CD-1 mice given 17 daily oral gavage doses of 250 or
1000 mg/kg bw shikimic acid116. There was a reduced number of implantations at both dose levels, as
compared with untreated controls. The results showed no evidence of fetotoxicity or teratogenicity.

57. TF1 mice given single intraperitoneal doses of 1 to 30 mg of shikimic acid (equivalent to 50 to 1500
mg/kg bw) had increased incidences of cancer of the glandular stomach and of leukaemia when
observed for up to 70 weeks117. The only mouse tested with a single oral gavage dose of 100 mg
(5000 mg/kg bw/day) died after 34 weeks, having developed stomach cancer and leukaemia117. These
lesions were consistent with the sites of tumours seen in mice fed bracken. In ACI rats, however, the
feeding of shikimic acid at a dietary concentration of 1000 ppm (equivalent to 150 mg/kg bw/day) for
142 days had no effect on tumour incidences, after an observation period of a further 70 days 21.

58. Shikimic acid was not genotoxic in vitro in bacterial118 or in vivo mammalian assays (mouse bone
marrow assay and unscheduled DNA synthesis in rat gastric mucosa)111. However, the results of a
dominant lethal assay117 indicated that shikimic acid could cause mutations in vivo. Male TF1 mice were
each treated either with a single intraperitoneal injection of 25 mg of shikimic acid or an oral dose of
80 mg of shikimic acid by stomach tube prior to mating with untreated virgin females. The
proportions of embryos having dominant lethal mutations in the control, intraperitoneally-treated and
orally-treated groups were 4.4, 22.1 and 13.6%, respectively.

59. It cannot be excluded that shikimic acid might make some contribution towards the overall
carcinogenicity of bracken. There was limited evidence to suggest that it might be mutagenic and
carcinogenic. Although a single intraperitoneal dose of 0.15 mg/kg bw/day or more produced tumours
in mice, a dietary dose of 50 mg/kg bw/day did not appear to be carcinogenic in rats. Nevertheless, it
is unlikely that shikimic acid makes a major contribution to the overall carcinogenicity of bracken as it
was destroyed by alkaline conditions whereas the mutagenicity and carcinogenicity of bracken appears
to be increased under such conditions.

Thiaminases

60. Anti-thiamine enzymes, thiaminases, seem to cause most of the short- to medium-term symptoms of
bracken poisoning in monogastric animals. Thiaminase activity is highest in rhizomes and very young
fronds. Thiaminases types 1 and 2 have been found in bracken at activities of 3.1 and 3.5 µg thiamine
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destroyed/g plant material/hour, respectively119. A third, more heat-stable, thiaminase (possibly caffeic
acid, a substance that also has both pro- and anti-cancer properties) might also play a role10.

61. Rats fed on bracken that had thiaminase activity developed lesions of the nervous system that were
considered by the authors of the study13 to be typical of antivitaminosis-B1. The lesions could be
cured by thiamine (vitamin B1). Similar effects have been reported in monogastric farm animals,
including horses and pigs22.

62. In order to test whether the anti-thiamine activity of bracken contributed to its carcinogenicity, a 52
week feeding study was performed in groups of rats fed either control diet, a diet containing bracken
or a diet containing bracken supplemented with a subcutaneous injection of 2 mg/rat/week of
thiamine120. No tumours were found in controls. All survivors in the two treatment groups developed
multiple intestinal tumours. Bladder tumours were found in 11% of males and 7% of females in the
group given bracken alone and in 53% of males and 67% of females in the group given bracken plus
thiamine. It was noted that as thiamine supplements did not reduce the incidence of tumours (if
anything, the incidence increased), it seemed unlikely that thiaminase caused the carcinogenicity of
bracken.

63. No reports of thiamine deficiency in bracken-consuming human populations have been found. It is
possible that humans are less prone to thiamine deficiency than farm animals because they have a
more varied diet. It is also likely that humans who eat bracken would eat much less bracken (per kg
body weight) than animals fed on bracken.

Ecdysteroids

64. Bracken contains several ecdysteroids which can prevent insects from moulting and developing into
adults22. This mode of action is not relevant to mammals.

65. It has been claimed that α-ecdysone induced neoplastic lesions in Egyptian toads (Bufo regularis)121,
but no details or evidence were presented to back-up this claim.

66. There is no reliable evidence to suggest that ecdysteroids are a toxic hazard to humans.

Tanins

67. The tannins in bracken are mainly condensed tannins derived from procyanidin and prodelphinidin.
Fronds of tropical bracken can contain more than 120,000 ppm of condensed tannins22. No
information was available on the amount in sub-species of bracken that are found in the UK. Tannins
are present in many foods (including legumes, chocolate, fruits and smoked foods) and drinks
(including tea, wine and beer). For instance, wine contains 570 to 2.470 ppm122, red kidney beans
(Phaseolus vulgaris) contain 6300 to 9100 ppm raw and 3100 to 5500 ppm cooked123, raw soyabeans123

contain 500 ppm and “corn”b contains 100 ppm123.

b It was not clear from the report whether “corn” referred to maize, wheat or some other cereal.
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68. There is limited evidence suggesting that parenteral administration of some tannins might be
carcinogenic. Subcutaneous injections caused liver tumours124 and fibrous histiocytomas at the
injection site126 in rats, and caused local sarcomas and liver tumours in mice124. Although liver nodules
were noted in one of the mouse carcinogenicity studies of bracken33, the liver was not the major site
for neoplasia in mice. More usual were leukaemias, lung tumours and gastrointestinal cancers28, 29, 30, 33.
The feeding of bracken tannins at a dietary concentration of 4000 ppm (equivalent to 100 mg/kg
bw/day) for up to 72 weeks did not cause any cancer in F344 or Sprague-Dawley rats126. IARC has
classified tannic acid and tannins in Group 3: “The agent (mixture or exposure circumstance) is not
classifiable as to its carcinogenicity to humans”125. Bracken tannins were not mutagenic to strains TA98
and TA100 of Salmonella typhimurium when tested in the absence of metabolic activation126.

69. Although bracken can contain higher concentrations of tannins than commonly consumed foods,
there is no evidence that ingestion of these tannins is harmful.

Summary of Toxicity

70. In monogastric animals the main effect of eating bracken is often a deficiency of thiamine as a result
of the action of thiaminases in the bracken. However, this effect is not known to occur in humans.
The more varied human diet and the lower dietary consumption of bracken are factors that make it
less likely that bracken will cause thiamine deficiency in human consumers.

71. Ruminants do not experience thiamine deficiency as a result of eating bracken as their gut flora can
make thiamine from other substances in the diet. Instead they develop several other non-neoplastic
diseases as a result of eating bracken, including panmyelopathy of the bone marrow, haemorrhagic
cystitis and progressive retinal degeneration. It is likely that ptaquiloside in bracken is at least partly
responsible for causing these effects. Braxins might also play a role. These non-neoplastic effects of
bracken have not been reported in humans, probably because levels of dietary exposure are lower
than in animals.

72. Animals have died, showing signs of toxicity consistent with cyanide poisoning, following ingestion of
large amounts of bracken containing the cyanogenic glycoside, prunacin. The amount of prunacin in
bracken is almost certainly too low to cause cyanide poisoning in humans exposed either by direct
consumption of bracken as a vegetable or by eating foods derived from animals that have eaten
bracken.

73. Bracken also seems to cause cancer in a wide variety of species. The site and type of cancer can differ
between species. Evidence from epidemiological studies for a carcinogenic effect of bracken in
humans is inconclusive. It is likely that the presence in bracken of the genotoxic carcinogen,
ptaquiloside, contributes towards its carcinogenicity. Other components of bracken, such as
kaempferol and shikimic acid, might make a more minor contribution towards the overall genotoxicity
and carcinogenicity of bracken.
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Modes of Action of Relevance to Humans

74. Carcinogenicity is the toxic effect of bracken that is of most relevance to humans exposed by eating
bracken or foods derived from animals that have eaten bracken. The non-neoplastic effects that have
been seen in heavily exposed laboratory animals and farm animals have not been reported as
occurring in exposed humans.

75. Bracken and various extracts of bracken were mutagenic in a range of in vitro and in vivo tests. As bracken
is both carcinogenic and mutagenic, it is reasonable to assume that it can cause cancers by a genotoxic
mode of action, although it is possible that non-genotoxic modes of action could also be involved.

Contributions of Constituent Chemicals to the Carcinogenicity of Bracken

76. Bracken contains a large number of component chemicals, some of which have been shown to be
mutagenic and/or carcinogenic: ptaquiloside, quercetin, kaempferol, shikimic acid and tannins. Illudanes
other than ptaquiloside have not been tested, but their chemical similarity to ptaquiloside raises
suspicions about their possible carcinogenicity and mutagenicity.

77. There is evidence that ptaquiloside is responsible for at least some of the carcinogenicity of bracken.
In addition it produced DNA adducts in rat ileum that gave a spot in thin-layer chromatography in an
identical position to the adducts that had been found when rats were treated with bracken127, 128.
Ptaquiloside has been shown to be an in vivo mutagen and it produces similar types of tumours to
bracken in the various species that have been tested. It can be present in bracken in appreciable
amounts: between 447 and 1211 ppm were detected in sub-species that are found in the UK, but higher
amounts have been detected in tropical sub-species.

78. Quercetin appears not to be genotoxic in vivo, but has been shown to cause tumours in experimental
animals at sites that are consistent with the sites of tumours formed when these animals were fed
bracken. However, it seems unlikely that quercetin contributes to the carcinogenicity of bracken, as
the concentration in bracken is considerably lower than in other innocuous foods, such as red onions.

79. The available mutagenicity test results indicate that kaempferol is genotoxic in vivo, but it has not been
tested for carcinogenicity. It is possible that kaempferol contributes to the carcinogenicity of bracken.

80. Shikimic acid was not genotoxic in a limited range of in vitro tests, but in vivo it caused dominant
lethal mutations in mice. Although subcutaneous doses caused tumours in mice, a large oral dose was
not carcinogenic in rats. Furthermore, it is destroyed in alkaline conditions, whereas the genotoxicity
of bracken increased in such conditions. It seems unlikely that the shikimic acid in bracken makes a
major contribution to the overall carcinogenicity of bracken.

81. The evidence for bracken tannins being a cause of the carcinogenicity of bracken is weak because the
only bioassay of the carcinogenicity of oral doses of bracken tannins gave a negative result, and there
is no evidence that they are genotoxic.
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Mode of Action of Ptaquiloside

82. The genotoxic potency of ptaquiloside was found to be dependent upon the pH of the medium. It
was not mutagenic to Salmonella strains TA98 or TA100 when tested at pH 7.4 but was mutagenic
without metabolic activation when it was first preincubated at pH 8.580. It was also discovered that
ptaquiloside was less potent at causing chromosomal aberrations when tested at pH 5.382. The higher
genotoxic potency of ptaquiloside at higher pH is probably because, under mildly alkaline conditions,
ptaquiloside is converted by β-elimination into the illudane-dienone compound, APT (activated
ptaquiloside)82. APT possesses a highly reactive cyclopropyl ring. It is electrophilic with a greater
capacity to alkylate DNA than ptaquiloside60. It is stable in mildly alkaline conditions, but under acidic
conditions it is converted to a less reactive non-genotoxic substance, pterosin B. Pterosin B is also
formed from the breakdown of ptaquiloside under acidic conditions12, 129.

83. Compounds that are chemically similar to APT but lack an activated cyclopropane moiety (hypoloside
B, hypoloside C, illudin M and illudin S) were not mutagenic to Salmonella typhimurium TA98 or TA100
strains82. It is not known whether the other illudanes that have been found in bracken form an
activated cyclopropane moiety in a similar way to that in which ptaquiloside forms APT.

84. APT binds covalently to purine bases on DNA130, opening the cyclopropyl ring of the molecule and
forming adducts with the N-7 of guanine and the N-3 of adenine. Alkylation of adenine (but not that
of guanine) caused cleavage of the N-glycosidic linkage of the modified adenines to produce abasic
sites on the DNA molecule131. The abasic sites were unstable and breakage of the
phosphodiesterpentose backbone of the DNA molecule occurred. Investigations were made132 of the
H-ras and p53 genes in cells from the mammary glands of rats that had received weekly intravenous
doses of 20.7 mg/kg bw and had been killed immediately after dosing. No mutations were found in
p5331, but there were double mutations at codons 58 and 59 of the H-ras gene78. Mutations of the
H-ras proto-oncogene also occurred in cells from the ileums of cattle fed bracken in their diet132, 134, 135.

85. It has been shown that infections of cattle by papillomaviruses increase the chances of them
developing benign papillomas of the upper gastrointestinal tract (associated with BPV-4 infection) or
the urinary bladder (associated with BPV-2 infection) and repeated dietary exposure to bracken can
further increase the chances of developing these tumours and of them progressing to malignancy56, 94,
121, 133, 134, 135, 136, 137, 138, 139. It has been proposed121 that immunosuppression caused by bracken’s
suppression of the bone marrow makes the animals more prone to viral infection and that this makes
them more likely to develop cancers of the upper gut and bladder when exposed to bracken. Such a
mode of action might be relevant to humans.

Exposure

86. It is rare for people in the UK to eat bracken. However, in some parts of the world including Japan,
Brazil, New Zealand, Canada and the USA, the young curled bracken fronds (called crosiers or
fiddleheads) are eaten as a vegetable. Analysis of fronds and rhizomes of the bracken sub-species that
is most common in the UK (Pteridium aquilinum var. aquilinum) found them to contain ptaquiloside
concentrations of 213 to 2145 ppm and 11 to 902 ppm, respectively.
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87. The Committee is not aware of any UK commercial sources of bracken for human consumption. In
August 2007, the FSA received a single hearsay report of vacuum-packed bracken shoots being on sale
in the UK, but could find no evidence to substantiate this. Although it is possible that bracken could
be imported from abroad or harvested on a small scale locally, the Committee is not aware of any
instances of this happening. As bracken does not appear to have been marketed as a food in the EU, it
is likely that it would require a pre-market safety assessment in accordance with the Novel Foods
Regulation (EC) 258/97 before it could be sold for human consumption. The Food Standards Agency
obtains expert advice on the risk assessment of all novel foods from the Advisory Committee on
Novel Foods and Processes (ACNFP).

88. The most likely food-related route by which UK consumers could be exposed to bracken-derived
substances is by eating foods derived from animals that have eaten bracken. Some food-producing
animals eat bracken. There have been 22 recent (1999-2007) documented cases of UK cattle being
poisoned by bracken8, although the total number of poisonings is likely to be greater than this.
Intensive grazing, usually by sheep or pigs, is used in the UK to clear bracken and to reduce invasion of
pastures. Exposure might occur at a lower level as a result of animals eating bracken that is growing as
a weed in their enclosures. There might also be some exposure to bracken as a result of the traditional
use of bracken as bedding for animals.

89. It is theoretically possible that animals that are exposed to bracken could have residues of harmful
bracken-derived chemicals in their tissues, which could be eaten by human consumers. No information
is available on the concentrations in meat and offal of residues of any toxic substances derived from
bracken or on their rates of depletion from edible tissues.

90. Substances from bracken can be excreted into the milk. The milk from bracken-fed cows caused
leucopaenia in calves, produced bladder cancer in mice, and produced cancers of the intestines,
bladder and kidneys in rats. Various solvent extracts from the milk were mutagenic to Salmonella
typhimurium strains TA98 and TA100, and caused pulmonary adenomas in the offspring of mice that
had been exposed during pregnancy. Thus it seems that toxic agents in bracken can be passed into the
milk and can cross the placental barrier. There is a potential hazard from toxic components of bracken
being passed into milk intended for human consumption. People who consume local unbulked milk or
dairy products from bracken infested areas would be expected to be at greater risk than those
drinking only bulked milk from commercial dairies.

91. Ptaquiloside has been detected in milk from bracken-fed cows140. A concentration of 0.11 mg/L of
ptaquiloside was found in milk from a cow that had been fed for 7 days on 6 kg/day of fresh bracken
fronds that contained 250 ± 50 ppm of ptaquiloside141, 142. The total amount of ptaquiloside that was
excreted into the milk of this cow was equal to 1.2% of the amount of ptaquiloside that it ingested. In
another study143, two cows transferred into their milk 8.6 ± 1.2% of the ptaquiloside they ingested
from 6 kg/cow/day of fresh fronds of bracken that provided doses of 2400 to 10000 mg/cow/day of
ptaquiloside. Doses of 2400, 4500, 8100 and 10000 mg/cow/day of ptaquiloside in bracken produced
peak concentrations of 10, 27, 38 and 55 mg/L of ptaquiloside in the milk. After a few days the cows
refused to eat the feed containing the highest concentration of ptaquiloside. Ptaquiloside was first
detected in milk at 38 h after the start of dosing and peaked at 86 h. After feeding of bracken was
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stopped, the concentrations gradually dropped off until none was detectable at 86 h after the end of
the dosing period. The limit of quantitation of the analytical method was approximately 0.5 ppm of
pterosin, which is equivalent to about 1 mg/L of ptaquiloside. It may be concluded that concentrations
of ptaquiloside fell off rapidly following withdrawal of oral exposure and minimal amounts would be
present in milk at 4 days after ingestion of bracken ceased.

92. Data from the most recent UK food surveysc indicate that the sector of the UK population with the
highest chronic intake of milk is infants aged 6-12 months (1992-1993 survey). It has been estimated by
extrapolation from the results of the study143 described in the preceding paragraph that a UK infant
having the upper 97.5th percentile chronic intake of milk (851 g/person/day for milk excluding infant
formulae and breast milk) from a cow that had been fed a sub-clinical dose of 5000 mg/cow/day of
ptaquiloside in bracken could receive a dose of up to 22.8 mg/person/day of ptaquiloside (or 2.62 mg/kg
bw/day for an infant of the UK mean bodyweight of 8.7 kg). This gives an estimate of the maximum
consumer intake of ptaquiloside from milk from bracken-exposed cows that show no clinical signs.

93. The estimated intake by infants of 22.8 mg/person/day of ptaquiloside is regarded as an extreme
intake as it takes the highest measured amount of ptaquiloside in milk from cows given the highest
tolerable dose of bracken and compares it with a high estimate of the cows’ milk intake of infants.
Most infants would be expected to have a lower intake of cows’ milk than this as the UK Government
advises that cows’ milk should not be directly fed to infants of one year of age or less. Furthermore,
most consumers would consume bulked milk, where the milk from any cows receiving such high
intakes would be diluted with milk from cows with low or zero intakes of ptaquiloside. It is also
conceivable that pasteurisation and other processing of milk would further reduce the levels of
ptaquiloside present (although there are no data to confirm this).

94. The results of UK food surveys indicate that, after infants, the subpopulation with the highest per
capita chronic intake of milk is the institutional elderly and those with the highest intake in relation to
bodyweight are toddlers aged 1½-4½ years. Using the same information142 on possible amounts of
ptaquiloside in cows’ milk as used to estimate the intake of infants, the intakes of ptaquiloside by high
(97.5th percentile) consumers of milk have been estimated to be between 2.9 and 22.1 mg/person/day
(0.047 to 0.36 mg/kg bw/day) for the institutional elderly and between 2.8 and 21.6 mg/person/day
(0.19 to 1.49 mg/kg bw/day) for toddlers.

95. The above estimates of intake of ptaquiloside from milk represent the maximum intake that might be
anticipated to occur as a result of drinking milk solely from cows receiving the maximum sub-clinical
dose of ptaquiloside. It is possible that milk or edible tissues from bracken-poisoned cows could
contain higher amounts of ptaquiloside. No quantitative data are available on the levels of exposure
from sources other than milk.
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c The information on UK intakes of milk was obtained using data on individual consumption that are compiled in the “Intake 2” programme.
The data include intakes of cows’, sheep’s and goats’ milk, milk in chocolate and milk used in recipes. Chocolate was assumed to be 25% milk.

The “Intake 2” programme used data from the following food intake surveys: Infants 86, Toddlers’ Survey, Young Persons ’98 Survey,
Vegetarian 1994-95 Survey, Adults 2001 National Diet and Nutrition Survey and Free-Living and Institutional Elderly Surveys (Mills and Tyler,
1992; Gregory, et al., 1995; Gregory, et al., 2000; MAFF, 1996; Henderson, et al., 2002 and Finch, et al., 1998).
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Summary of Exposure Data

96. Bracken is not eaten by humans in the UK, but it is uncertain whether this situation will remain
unchanged. With the continuing interest in international cuisine, it is conceivable that in future there
may be moves to introduce bracken as an exotic vegetable. If this were to be done, bracken would be
regarded as a novel food and it is likely that it would need to be assessed for safety before
authorisation could be given for its sale in the UK as a food.

97. There is a potential for exposure to component chemicals of bracken as residues in foods derived
from animals that have eaten bracken. There is evidence that some animals readily eat bracken and
there have been cases of bracken poisoning in farm animals. As component chemicals in bracken
(eg. ptaquiloside) can cause systemic toxicity in farm animals, it is reasonable to assume that they have
the potential to leave residues in edible tissues and other foods derived from animals that have eaten
bracken. Little is known about the amounts of the component chemicals that can occur as residues in
foods, but it is clear that ptaquiloside can pass into the milk of cows.

98. It has been estimated that, in the UK, the sub-population with the highest milk intake, infants, might
be exposed to up to 2.62 mg/kg bw/day of ptaquiloside as a result of consuming milk from cows that
had eaten bracken without showing clinical signs of poisoning. However, if the advice not to give
cows’ milk to infants below the age of one year is followed, the highest estimate of intake on a
bodyweight basis is 1.49 mg/kg bw/day, for toddlers. Most consumers will be exposed to less than this
as they drink less milk. Furthermore, most milk supplies will be bulked so any high concentrations in
individual samples will be diluted.

99. No information was available on the amount of ptaquiloside or other components of bracken that
can occur in milk derived from animals that have been poisoned by bracken.

100. No information was available on the amount of ptaquiloside or other components of bracken that
can occur in meat and offal derived from animals that have eaten bracken.

101. No information was available on the rate at which residues of ptaquiloside or other components of
bracken can be cleared from edible tissues. However, information on the rate of decrease of
ptaquiloside residues in milk from bracken-exposed cows indicated that minimal amounts of residues
would be present in the milk at 4 days or more after exposure ended.

Conclusions

102. The Committee agreed the following conclusions:

i. Bracken is sometimes eaten by food-producing animals.

II. Although no modern carcinogenicity bioassays have been performed on bracken, observations
from farm animals, laboratory animals and mutagenicity studies suggested that it is carcinogenic
and genotoxic. Few conclusions can be drawn from the small number of epidemiological studies
of humans. It is prudent to regard bracken and at least one of its constituents (ptaquiloside) as
being potentially carcinogenic to humans at all levels of ingestion.
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III. Bracken contains some genotoxic or possibly genotoxic substances, including ptaquiloside,
kaempferol and shikimic acid.

IV. Ptaquiloside from bracken ingested by food-producing animals (eg. dairy cows) can be passed into
milk that might be consumed by humans.

V. Ptaquiloside from ingested bracken is likely to be present in meat and offal derived from animals
that have recently eaten bracken.

VI. The level of consumer exposure to ptaquiloside and other bracken derived genotoxic substances,
such as kaempferol, should be kept as low as reasonably practicable. Measures that could be
considered to achieve this could include discarding milk or not slaughtering bracken-exposed
animals for a length of time consistent with the clearance of residues of toxic substances.

VII. The available data suggest a withdrawal period of at least 4 days for ptaquiloside in milk. Current
evidence does not provide a basis for specifying an adequate withdrawal period prior to slaughter
for human consumption of meat and offal.

Recommendations

103. The Committee recommended the following actions to reduce uncertainty about the risk to
consumers from bracken:

● Identify the amount of ptaquiloside and other harmful bracken constituents that can occur in
meat and offal derived from animals that have been poisoned by bracken.

● Identify the amount of ptaquiloside and other harmful bracken constituents that can occur in
meat and offal derived from animals that have eaten bracken without showing any signs of
toxicity.

● Identify the rate at which residues of ptaquiloside and other harmful bracken constituents are
cleared from edible tissues of food-producing animals (eg. those that are actively used to clear
bracken).

104. It is recommended that priority should be given to identifying the rate of depletion of ptaquiloside
from edible tissues of animals that had high exposure to bracken. Such information could be used by
risk managers to help them decide with more confidence how long bracken-poisoned animals should
be left before slaughter for human consumption.

COT Statement 2008/05
October 2008
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Appendix to COT statement on the risk to consumers of eating foods
derived from animals that had eaten bracken

Literature search

Articles were identified and selected for review as follows.

Computerised literature search

Several computerised searches of the scientific literature published over the last 10-38 years were conducted
by the Information Centre of the Food Standard Agency. The computerised searches performed were:

● Search on DART Developmental Toxicology Literature, NewsQuest, Food Science and Technology
Abstracts 1969-2007, Foodlineweb 1972-2007, and National Library for Health (incorporating Biomed
Central, Dialog Datastar, MyLibrary, NHL Evidence, NHL Guidance, NHL Specialist Libraries,
Proquest and PubMed) for
“bracken”.

● Searches on Campden and Chorleywood Food Research Association (CCFRA) Site, Barbour Index,
British Library Inside, Current Contents 1998-2007, FoodlineWeb (Leatherhead Food International
Ltd.), Nature – journal, and New Scientist - journal for:
(bracken or bracken fern or Pteridium aquilinum or Pteridium)
and
(ptaquiloside or bracken toxin or sesquiterpene glycoside)
and
(toxicology or toxicological or cancer or carcinogenic or mutagenic or genotoxic or epidemiology)

● Searches on TOXLINE and FoodlineWeb (Leatherhead Food International Ltd.), Current Contents
1998-2007 and Food Science and Technology Abstracts (FSTA) for:
pterosin or pterosin-B or isoptaquiloside or iso-ptaquiloside or caudatoside or thiaminase
or pharmacokinetics or toxicology or toxicological or cancer or carcinogenic or mutagenic
or genotoxic or epidemiology

● Searches on TOXLINE 1900-2007, British Library Inside, Ingenta.com, Food Science and Technology
Abstracts (FSTA), TOXLINE, Foodlineweb 1972-2007, and Current Contents 1998-2007 for:
quercetin or prunacin
and
bracken

The computerised literature searches identified a large number of articles, many appearing on several of the
databases. Printouts of details of articles including abstracts were read and articles that looked like they
would be relevant to the consumer safety of bracken were ordered. The main criterion for ordering was
that the article should deal with some aspect of the exposure to or toxicology of bracken and/or its
component chemicals.
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Secondary search of the literature

Review articles on bracken were read and from these further key articles were identified. This was
particularly helpful for finding older articles.

The relevant articles were read and summarised for this COT paper. During this process, several further
important articles that had been missed earlier were identified and ordered.

Selection of articles for review in TOX/2008/12

A large number of articles on the safety of bracken and on related issues were obtained by the Secretariat.
As a result of time constraints, not all of the articles were read in detail. Some selection had to be made. It
was quickly apparent that certain articles were too general or only dealt peripherally with the issues of
interest. Such articles were left aside.

Sometimes several articles referred to the same piece of work. Wherever possible the primary source of
information was the source that was cited. In some instances, information was pieced together from several
sources and it was necessary to cite several articles for a single piece of information.

Criteria for selection of articles cited in TOX/2008/12

Articles were selected for inclusion in the review on the basis that they dealt with some aspect of the
safety of bracken and its constituent chemicals to human consumers. This could be a direct reference to
human safety by dealing with exposure, toxicological or epidemiological aspects or less direct by looking at
effects in exposed animals or of exposure by routes other than the diet. Related issues of interest included
the taxonomy and worldwide distribution of different sub-species of bracken ferns.

Some articles were excluded as they covered areas of work already dealt with in other articles. This was
particularly the case concerning the large number of studies from the 1980s that reported the testing
various fractions of bracken in standard short-term assays for mutagenicity or carcinogenicity in order to
isolate the carcinogenic component of bracken.

There were numerous review articles available that added no new information. Most of these were not cited.

Articles Cited in the Statement

Not all of the articles cited in the review paper TOX/2008/12 were cited in the Statement on the Risk to
Consumers of Eating Foods Derived from Animals that had Eaten Bracken. Some aspects covered in the
review paper were not considered to be directly relevant to the Statement and thus articles cited in these
parts of the review paper were not cited in the Statement. Also, when several articles dealt with the same
issue, some of the articles that contributed no unique information were omitted from the Statement.

Articles Added to the Statement

After the COT had discussed the first draft of the statement, Members identified a few additional articles
that had not been identified in the Secretariat’s search of the scientific literature. These articles and some of
the articles giving primary data that they had cited were added to later drafts of the Statement.
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Statement on Pyrrolizidine Alkaloids in food

Introduction

1 Pyrrolizidine alkaloids (PAs) are a large group of natural toxins produced by plants, several of which are
known to be highly hepatotoxic and have been shown to be carcinogenic in rats. They have been
associated with a number of livestock diseases and with cases of human poisoning following
consumption of herbal remedies or after contamination of staple foods. There is also potential for PAs
to be transferred to other food products such as honey, milk, eggs and offal.

2. In 2007, the report of a Food Standards Agency funded project on PAs in honey from borage and
ragwort was published. This report was provided to the Committee along with a number of risk
assessments of PAs from other countries.

3. The Committee was asked for its view on the risk assessment of PAs in food and whether it
considered potential human exposure, particularly via honey and milk, to be of concern.

Background

4. PAs are found in a large number of plants around the world including the families Boraginaceae
(particularly Heliotropium and Trichodesma species), Compositae (Asteraceae) in the tribe
Senecioneae, and Leguminosae (Fabaceae) in Crotalaria species. It is estimated that approximately
3% of the world’s flowering plants contain one or more toxic PAs1.

5. Cases of human toxicity have been shown to occur following contamination of staple foods, generally
grain crops, and after consumption of some herbal remedies. Other possible food sources of exposure
include milk, honey, offal and eggs, which have all been found to contain PAs in some instances2,
although cases of human poisoning resulting from exposure through these sources have not been
reported. It is unknown whether PA residues are present in meat but the potential for exposure is
thought to be slight due to the fast metabolism and elimination of PAs from the bodies of animals as
determined experimentally1,3.

6. In humans, veno-occlusive disease is the most prominent hepatic lesion resulting from PA poisoning.
Classical symptoms and signs are abdominal pain and rapidly developing ascites. The effects of PAs can
take time to develop and might result from long term low level exposure, although known cases of
poisoning have usually presented as acute disease similar to Budd-Chiari syndrome2.

7. Livestock poisonings have been reported worldwide, especially in cattle and horses, but also in some
instances in sheep. One of the plants often associated with this is common or tansy ragwort (Senecio
jacobaea)2.

8. In animals, PA toxicosis is usually characterised by clinical signs relating to hepatic insufficiency
including weakness, loss of appetite and wasting, jaundice and behavioural abnormalities. Extensive
haemorrhagic necrosis of the liver is usually recorded in acute toxicity. Chronic disease, resulting either
from a single sublethal dose or from repeated low level intake, is characterised by various
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abnormalities including parenchymal megalocytosis, extensive fibrosis, obliteration of central and sub-
lobular veins characteristic of veno-occlusive disease, bile duct proliferation and nodular regeneration2.

9. Instances of poisoning in humans and livestock, combined with the results of studies in experimental
animals indicate that there is variation between species in susceptibility to PAs. In general, cattle,
horses, pigs, poultry, humans, rats and mice are considered to be sensitive while sheep, goats, rabbits
and guinea pigs are less so4,5.

Previous COT recommendations

Comfrey

10. The Committee last reviewed PAs in 19926, focussing on comfrey, a herb which at the time was
available in tablet and capsule form as well as for tea and infusions. The recommendations of that
review of comfrey were as follows:

● “the public should be warned of the potential dangers associated with the consumption of
comfrey and products containing comfrey. This advice applies equally to commercial and home-
grown comfrey and preparations made from it.

● “concentrated forms of comfrey such as tablets and capsules should no longer be available.

● “the public should be advised against the ingestion of comfrey root and leaves, and of teas and
infusions made from comfrey root.

● “comfrey teas and tinctures may continue to be available to the public. However, this
recommendation should not be construed as an endorsement of these products.”

The COT advice was subsequently endorsed by the Food Advisory Committee. Department of Health (DH)
and Ministry of Agriculture Fisheries and Food (MAFF) Ministers accepted the committees' advice and action
was taken to implement it.

Chemistry

11. PAs are a group of more than 350 natural toxins sharing a basic structure derived from esters of
4 necine bases: platynecine, retronecine, heliotridine and otonecine. The acid moieties of the esters
are termed necic acids. A number of structural features determine the potency of the PAs.

12. PAs associated with adverse effects are esters of 1-hydroxymethyl 1,2-dehydropyrrolizidine (Figure 1).
There may be a second hydroxyl group at the C7 position. At least one of these hydroxyl groups must
be esterified to exert toxicity and the acid moiety of the ester linkage must contain a branched chain.
PAs can therefore exist as mono or open diesters or as a closed macrocyclic diester2.
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Figure 1: The generic structure required for PAs to cause toxicity

13. PAs are fairly stable chemically and require metabolic activation to exert toxicity5.

Metabolism

14. On ingestion of PAs, parent alkaloid or metabolites can be found in the serum and only later in the
urine and faeces indicating that absorption across the gastrointestinal tract occurs7,8,9,10,11,12,13,14. Studies
using a limited number of representative PAs have shown that three main pathways of metabolism
occur15.

Activation pathway

15. The activation pathway is oxidation of the PA to form the dehydropyrrolizidine derivative, which is
biologically and chemically reactive (figure 2). Cytochromes P450 have been shown to be involved in
this bioactivation of the PAs16.

Figure 2: The generic structure of the dehydropyrrolizidine derivative of PAs

16. Dehydropyrrolizidine derivatives can undergo further biotransformation by enzymic or non-enzymic
glutathione conjugation1. Alternatively, the dehydropyrrolizidine derivative can be hydrolysed further
at the ester bond to form the dehydronecine, often referred to as dehydropyrrolizine (DHP)16.
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Detoxification pathways

17. Esterase cleavage of the PA releases the necine base and necic acid(s). No further metabolism occurs
and this is seen as a detoxification pathway15.

18. N-oxidation of retronecine- and heliotridine-type PAs is generally catalysed by a variety of enzymes
including cytochromes P450 and flavin-containing monoxygenases. The N-oxides are highly water
soluble and are rapidly excreted in the urine5.

19. N-oxides are also often found in plant materials. While metabolism to PA N-oxides is usually seen as a
detoxification pathway, upon ingestion these can be converted to the alkaloid forms in the gut3.

20. The activity of the metabolic enzymes towards individual PAs plays an important role in determining
toxicity and varies between species, sexes and at different developmental stages15,17,18,19,20.

21. Following metabolism, rapid elimination occurs mainly via urine but some through the bile. It is
considered unlikely that large amounts of the PAs and their metabolites remain in the liver in the long
term3. PAs and their metabolites can be excreted in the milk and possibly, in the case of poultry, into
eggs1.

Toxicity

22. Much of the data on PA toxicity is derived from studies on plant constituents or extracts and is often
derived from studies or reports of single dose administration. Information on the mechanism of
toxicity has been taken from reviews, which have compiled data from a number of studies and do not
quote the doses at which the individual effects occur. Where doses are given these are examples,
generally of the lowest dose causing effect.

Human case reports

23. A 49 year-old woman, who had been consuming a herbal tea and comfrey-pepsin pills on a daily basis
for 6 and 4 months respectively, was admitted to hospital with progressive swelling of the abdomen
and extremities. This was diagnosed as veno-occlusive disease, a form of Budd-Chiari syndrome. A liver
biopsy showed centrilobular necrosis and congestion. The hepatic venograms were consistent with
moderate portal hypertension recording wedge pressure of 23 mmHg with corrected sinusoidal
pressure of 17 mmHg. No demonstrable obstruction of outflow was observed but balloon distension
of an intrahepatic venous tributary showed near obliteration of the smaller hepatic venules and
extravasation of the dye into the hepatic parenchyma. There was no history of tumour or trauma, her
last pregnancy was 22 years previously and no common causes of Budd-Chiari syndrome were evident.
The herbal tea and comfrey-pepsin pills were analysed for PAs, based on monocrotaline as a standard
and looking for alkaloids of the same molecular weight and assuming the same extinction coefficient
for spectrophotometric detection. The subject’s minimum daily PA intake was estimated as 15 µg/kg
b.w. The researchers stated that it was possible she had other sources of exposure in the same
period21. This report is one of the few where an attempt has been made to evaluate the exposure
level of a person with PA poisoning.
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24. A 5 day old female infant was referred to intensive care with jaundice, massive hepatomegaly and
ascites. When the infant was 27 days old, a biopsy was taken. This showed centrilobular fibrosis,
neovascularisation and iron deposition associated with widespread circumferential connective tissue
occlusion of the small and medium size hepatic veins suggesting a diagnosis of hepatic veno-occlusive
disease. The mother had had daily consumption of a herbal tea containing senecionine (including its
N-oxide) at 0.60 mg/kg dry weight but no estimate of the dose to the mother or the fetus was given.
A liver biopsy section was not obtained from the mother but her physical appearance and blood tests
showed no abnormalities22.

25. A pregnant woman was admitted to hospital in the 27th week of gestation with fetal ascites. A male
infant was delivered by emergency caesarean section during week 32 but died 12 hours later. Autopsy
found no internal or external malformations. Liver histology showed veno-occlusive disease. Tea used
by the family was found to be free of PAs. However, a herbal mixture of which 2 g/day was used for
cooking contained 6 mg/kg lycopsamine, 3.5 mg/kg interrimine and 3 mg/kg of their acetyl derivatives.
Neither the maternal nor the fetal dose resulting from the use of this mixture was estimated. The
dehydro-derivatives of these PAs were found in the fetal liver tissue23.

26. Based on information provided by two paediatric liver centres to the Committee, it was noted that
paediatric veno-occlusive disease was rare in the UK, and that cases were almost always attributable to
other causes and therefore unlikely to be related to PA exposure.

Acute Studies

27. LD50 data obtained following intraperitoneal administration to male rats are available for some PAs
and are given in Table 15,24. These deaths, 3 to 7 days after administration, were associated with severe
haemorrhagic liver necrosis5.

28. Lesions in the lung following acute dosing include alveolar oedema and effects on the alveolar wall
seen after a single dose of 60 mg/kg b.w. in rats given monocrotaline subcutaneously and at the same
dose in dogs given monocrotaline intravenously. In the long term extensive pleural effusion occurs
following intraperitoneal administration of a single dose of 50 mg fulvine/kg b.w. to female rats5.

29. Necrotising pulmonary arteritis was observed following subcutaneous administration of monocrotaline
at 120 mg/kg b.w. to male rats as a single dose or 30 mg/kg b.w. as 4 doses each 2 months apart in
monkeys5.
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Table 1

Reported intraperitoneal LD50 values obtained for the male rat unless otherwise stated (Source: Cheeke and
Shull, 1985 and World Health Organization (WHO), 1988)

30. A study investigated the early pulmonary changes following PA exposure using monocrotaline pyrrole
(the dehydropyrrolizidine derivative of monocrotaline) injected into the tail vein of Sprague Dawley
rats. A single dose of 3.5 mg/kg b.w. in male rats caused changes in the lung from 4 hours after
administration25.

Retrorsine 34

Senecionine 50 – also quoted as 85

Heliosupine 60

Lasiocarpine 72

Seneciphylline 77

Jacobine 77 (mouse)

Riddelliine 105 (mouse)

Symphytine 130 – also quoted as 300

Heleurine 140

Jaconine 168 (female rat)

Monocrotaline 175

Echimidine 200

Spectabiline 220

Senkirkine 220

Heliotrine 300

Echinatine 350

Supinine 450

Europine >1000

Heliotridine 1200

Intermedine 1500

Lycopsamine 1500

Alkaloid LD50 (mg/kg b.w.)
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Repeated dose toxicity

31. In a study of riddelliine administered by gavage 5 days per week for 105 weeks to rats and mice,
0.033 mg/kg b.w./day in rats caused hepatocyte cytomegaly (NOAEL 0.01 mg/kg b.w./day) and at
0.33 mg/kg b.w./day regenerative hepatocyte hyperplasia was observed. In mice, focal necrosis of the
liver was observed at 0.1 mg/kg b.w./day (lowest dose given) and hepatocyte cytomegaly and
karyomegaly was observed at 0.3 mg/kg b.w./day26.

32. Monkeys given monocrotaline at 60 mg/kg b.w. by subcutaneous injection at monthly intervals for
3 months showed varying degrees of occlusion of the centrilobular, sublobular and larger veins in the
liver. Centrilobular haemorrhagic necrosis and megalocytosis were also observed5.

33. Rats were given 8 mg/kg b.w./day of an alkaloidal extract of Senecio nemorensis ssp. fuchsii containing
50% fuchsisenecionine and 1% senecionine by gavage 5 days per week for 114 weeks. Fatty changes,
single cell and focal necrosis, fibroses and granulomatous reactions were observed in the livers27.

Mechanism of action

Hepatotoxicity

34. Animal studies have demonstrated that hepatic parenchymal cell and sinusoidal endothelial cell injury
occur early in the process of PA-induced disease in the rat. Once cell injury has occurred, zonal
necrosis ensues where the zone affected depends on the species and the pathway of metabolism for
the PA in question5.

35. Veno-occlusion is thought to occur because of damage to the sinusoidal and central vein endothelial
cells leading to thickening and then collagenisation. Occlusion of the central vein occurs which is
preceded by functional restriction of blood flow.

36. One of the typical features of PA toxicosis in animals is megalocytosis of hepatic parenchymal cells,
though this has not generally been observed in humans. This is believed to occur where cells are
stimulated to go through the cell cycle but do not divide28.

37. The WHO stated that adverse long term effects are similar whether resulting from one relatively high
dose, which is not acutely lethal, or multiple low level doses5.

Pulmonary toxicity

38. Pulmonary toxicity is sometimes, but not always, seen with hepatotoxic PAs though in some instances
higher doses are required to elicit pulmonary toxicity than cause hepatotoxicity. The structural
requirements for toxicity in the lung are the same as those for toxicity in the liver and the same
metabolites as are produced in the hepatocytes cause toxicity in the lung. In general, the more stable
or persistent the dehydropyrrolizidine derivative is, the greater the possibility that it can be
transported away from the liver to cause toxicity in other organs5. Some metabolism similar to that in
the liver can occur in the pulmonary endothelial cells and type II pneumocytes of the lung28.
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39. Pulmonary toxicity manifests as pulmonary hypertension and can lead to cardiac right ventricular
hypertrophy5. There may also be abnormal macrophages and a proliferation of mast cells. Initial
damage is reported to be to the endothelial cells of the small blood vessels. This is followed by
changes in the alveolar wall and then a reduction in the lumen of the small vessels3.

Developmental studies

40. Studies in pregnant rats given heliotrine by intraperitoneal injection showed fetal malformations at doses
above 100 mg/kg maternal b.w. along with subnormal maternal gestational weight gain. Fetal effects
included retarded development, musculoskeletal defects, cleft palate and at high dose
(300 mg/kg maternal b.w.) cessation of growth, immature fetuses and intrauterine deaths and resorptions.
Litters exposed to 50 mg/kg maternal b.w. showed decreased weight and length following a temporary
reduction in maternal weight after injection. However, little liver damage was observed in the fetuses
suggesting that the fetal liver may be relatively more resistant to these toxic effects29. This is in contrast
to the effects seen in the human case report22 where a 5 day old infant showed liver pathology following
daily consumption of a herbal tea by the mother in the absence of maternal toxicity (para 24).

41. Oral or intraperitoneal administration of two PAs to lactating rats did not result in maternal toxicity.
The total dose, given singly or in multiple fractions, was 21 mg/kg or greater for retrorsine and 83 mg/kg
or greater for lasiocarpine. However, liver biopsy samples from the pups showed marked changes. In
pups that died aged 18 to 30 days, liver cells showed hydropic or fatty vacuolation. Pups dying after
postnatal day 30 showed haemorrhagic necrosis and thickening of centrilobular veins in liver.
Susceptibility of suckling rats was shown to be greater than that of their mothers in this study30.

Mutagenicity, Genotoxicity and Carcinogenicity

42. Several PAs have been evaluated by the International Agency for Research on Cancer (IARC) and
categorised either as Group 2B, possibly carcinogenic to humans, or Group 3, not classifiable as to its
carcinogenicity to humans. Lasiocarpine, monocrotaline and riddelliine have been classified as Group
2B while hydroxysenkirkine, isatidine, jacobine, retrorsine, seneciphylline, senkirkine and symphytine
have been classified as Group 331,32,33.

43. A review of the genotoxicity of PAs and the mechanisms involved was published in 200416. Various PAs
and PA-containing plant extracts have been shown to be mutagenic in Salmonella typhimurium TA100
strain with an S9 activated enzyme system. Seneciphylline, riddelliine, lasiocarpine, senecionine,
retrorsine, heliotrine, senecivernine, senkirkine, petasitene, monocrotaline, clivorine, ligularidine,
7-acetyl intermedine, 7-acetyl lycopsamine, indicine, intermedine, jacoline and symlandine have been
shown to be mutagenic in either Drosophila melanogaster or bacteria34,35,36,37,38,39.

44. Male Drosophila flies were fed milk from lactating rats receiving 25 mg/kg b.w. seneciphylline at 0.5 ml
per 10 male flies. The resulting number of sex-linked recessive lethals was compared to flies given
seneciphylline directly and control flies receiving milk taken from the same rats before they were given
seneciphylline. There was an increase in sex-linked recessive lethals compared to controls but not to as
great an extent as flies receiving 10-5 M seneciphylline directly. The results indicated the presence of
an indirect mutagen in the milk which the authors suggested to be unchanged seneciphylline34.
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45. PAs have been shown to have DNA binding and DNA to DNA or DNA to protein cross-linking abilities
and cause sister chromatid exchange and chromosomal aberrations16. The cross linking potency of a
sample of PAs (dehydrosenecionine, dehydromonocrotaline, dehydroseneciphylline and
dehydroriddelliine) was shown to be correlated positively with differences in toxicity40.

46. Mechanistic studies have shown that riddelliine induces liver tumours mediated at least in part by
DHP-derived DNA adducts. It has been proposed that these could be used as biomarkers of
tumourigenicity and that they could be responsible for the mutagenicity and teratogenicity of PAs20.
Subsequently it has been suggested that monocrotaline formed DHP-derived DNA adducts either by
hydrolysis of dehydromonocrotaline and then reaction with DNA or by dehydromonocrotaline
interacting with DNA and then being hydrolysed to DHP41. Other PAs, namely riddelliine, lasiocarpine,
clivorine, heliotrine and retrorsine have also been shown to form DHP-derived DNA adducts either
in vivo or in vitro42,43,44,45,46.

47. A number of animal studies on PAs and synthetically prepared pyrrolic metabolites have shown
tumour development. In one study under the National Toxicology Program (NTP), using riddelliine
administered by gavage 5 days per week for 105 weeks, hemangiosarcomas were observed in
0/50 female control rats and 0/50 females given 0.01, 0.033 and 0.1 mg/kg b.w./day, 3/50 at 0.33 mg/kg
b.w./day (p=0.118) and 38/50 at 1.0 mg/kg b.w./day (p<0.001). In male rats, hemangiosarcomas were
observed in 0/50 controls but in 43/50 given 1 mg/kg b.w./day (p<0.001). In male mice,
hemangiosarcomas were observed in 2/50 controls, 1/50 at 0.1 mg/kg b.w./day, 0/50 at 0.33 mg/kg
b.w./day and 2/50 at 1 mg/kg b.w./day but in 31/50 mice at 3 mg/kg b.w./day (p<0.001). No female mice in
the control group showed hemangiosarcomas and only 1/50 given 3 mg/kg b.w./day (only dose given).
Other tumours observed in rats at or above the doses causing hemangiosarcomas included
hepatocellular adenomas and carcinomas, mononuclear cell leukaemia, alveolar and bronchiolar
adenoma and carcinomas26. Similarly, a two year carcinogenicity study has been carried out under the
NTP testing lasiocarpine in F344 rats with dietary administration for 104 weeks. High mortality was seen
in both sexes at the high dose with all females dead by week 69 and males by week 88. Liver
angiosarcoma was seen in 13 of 23 male (p<0.001) and 2 of 23 female (not significant) rats (though the
authors suggested that only female rats surviving beyond 52 weeks should be used for the analysis so
they quote this as 2 of 9 in the main report) following dietary administration at 30 ppm, in 11 of
23 males (p<0.001) and 7 of 24 females (p=0.005) at 15 ppm in the diet and in 5 of 24 males (p=0.025)
and 8 of 22 females (p=0.002) at 7 ppm in diet. The authors concluded that this study had shown that
lasiocarpine was carcinogenic in F344 rats47.

48. Other PAs have also been shown to cause tumours in animals. Clivorine, petasitenine and symphytine
all produce angiosarcomas in liver in non-standard carcinogenicity assays48,49,50. Senkirkine caused liver
adenomas in a non-standard assay50.

49. Plant extracts have also been tested for tumour formation, for example tumours have been observed
in the pancreas when weanling male rats were given a single dose by stomach tube of 500 to
1500 mg/kg b.w. of a mixture of lycopsamine and intermedine as alkaloids extracted from tarweed
(Amsinckia intermedia Fisch and Mey) seeds. Three rats of 15 in the treated group were found to have
pancreatic tumours; 1 receiving 600 mg/kg b.w. had an islet cell tumour, and of those receiving
1500 mg/kg b.w. 1 had an islet cell adenocarcinoma and 1 had an adenoma of the exocrine pancreas51.
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Transfer to food

50. The PA content of plants has been reported as generally varying from 100 mg/kg dry weight to
40,000 mg/kg, although the highest reported is 180,000 mg/kg in Senecio riddelli. The amount of PAs
present in a plant depends on the season and locality3. In addition, various parts of plants have
different levels of PAs, some of which may be present in PA N-oxide form5.

Feed

51. Although PA-containing plants are present throughout the world, the plants are usually unpalatable to
livestock. Most cases of poisoning with fresh plant material occur when pastures are overgrazed or if
there is a limited supply of forage1.

52. Where feed is preserved, contamination with PA-containing plant material is not readily recognised by
animals. Experiments carried out on hay indicate that the concentration of PAs does not decrease
with storage. The evidence for silage is more equivocal with some experiments suggesting that levels
do decrease while others find no change. Where decomposition occurs, this is mainly enzymic and
levels remain stable once the crop is dry5.

53. In 2004 the Department for Environment, Food and Rural Affairs (Defra) published a Code of Practice
on How to Prevent the Spread of Ragwort. The aim is to control the spread of ragwort where there is
an identifiable risk to vulnerable animals including through the production of forage52.

Food

54. Humans are thought to be exposed to PAs through plant products (either herbal products or
contamination of grain crops), or animal-derived products including honey, milk, eggs and offal2.

Plant products

55. A number of reports of outbreaks of human PA poisoning exist from different parts of the world.
These are generally as a result of contamination of cereal crops with PA-containing plants or deliberate
intake of herbal remedies which contain PAs.

56. Where acute symptoms and deaths in human poisoning incidents have been reported, it is generally
difficult to estimate the exposures responsible. As little or no follow-up has been carried out on those
recovering from the illness or others involved in the outbreaks, it is also unclear whether there are
long term effects of these poisoning events5.

57. The Australian New Zealand Food Authority (ANZFA) has sampled various Australian grain
commodities and found levels from <0.050 mg/kg to >6 mg/kg2. In the EU, legislation specifies a
maximum level for weed seeds and unground and uncrushed fruits containing alkaloids in animal feed1.

Milk

58. A number of studies have been carried out looking at transfer to milk as a possible route of excretion
in lactating animals. The studies described above in paragraphs 41 and 44 show that lactational transfer
of PAs occurs in rats.
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59. Cows given ragwort containing 0.16% PAs by rumen cannula for 2 weeks at 10 g/kg b.w./day showed
weight loss, reduced milk output and persistent diarrhoea. Liver biopsy sections showed
megalocytosis and portal fibroplasia. Their calves showed no gross or microscopic lesions and
appeared normal throughout the study. While the ragwort contained jacobine, seneciphylline, jacoline,
jaconine and jacozine, the milk was found to contain only jacoline and following correction for
recovery, the highest mean concentration was 0.840 mg/L53.

60. Studies in goats have shown that PAs are also transferred into their milk. In one instance, a goat was
fed ragwort containing 0.18% PAs as 25% of the feed, which was at the upper limit of acceptance of
the plant by the goats. A pooled milk sample collected from the goat twice daily for 236 days
contained 7.5x10-3 mg PAs/kg dried weight where the dry matter content of the milk was 12%54.

61. A survey carried out by MAFF in 1988 analysed 21 retail bulked samples of milk from an area which had
the highest reported incidence of ragwort poisoning in cattle for the 2 years beforehand. No
senecionine, seneciphylline or jacobine were detected in any sample and it was concluded that
detectable levels were unlikely to be present elsewhere in the UK55.

62. The European Food Safety Authority (EFSA) noted that milk can be a relevant source of PAs when
obtained from a single animal which has ingested considerable amounts of PAs1. However, common
commercial practice in the UK is to bulk milk samples from all the cows at one farm and then also at
the dairy, which results in dilution of the PAs if present.

63. EFSA also suggested that a possible source of human infant exposure is via their mother’s milk1.

Eggs

64. Free PAs were not detected in the eggs of laying hens fed up to 4% Senecio vernalis. The authors
considered this may have been due to residues being below the level of detection, stated as
0.4 mg/ml dissolved residue, or the PAs being bound to egg protein, but they noted that reduced
feed intake and egg production occurred at 2 and 4% of feed levels56.

65. In contrast Edgar and Smith (2000) reported that in chickens fed contaminated wheat containing
26 mg/kg of PAs (heliotrine, europine and lasiocarpine), up to 0.168 mg/kg was detected in the eggs57.

Meat

66. No published reports are available where PAs have been detected in meat from livestock which have
ingested PA-containing plants. Results from experimental animals suggest that levels in tissues would
fall rapidly after ingestion. Mattocks suggested that unless animals are killed soon after a large dose,
PAs are not expected to be at a high level in tissues3.

67. The ANZFA reported PA levels of <0.010 to 0.073 mg/kg in livers and kidneys of domestic animals2.
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Honey

68. In a 1994 UK survey, honey samples were collected from hives placed close to ragwort, or obtained from
farmgate producers and a small independent retailer. Eight of 23 honey samples contained ragwort pollen
and six of these had detectable levels of PAs. The two honey samples with the highest levels were dark,
waxy samples, which were considered unpalatable and would not be used for blending with other
honeys. Excluding these two samples, the highest detected level of PAs, was 0.06 mg/kg though the
method used for this analysis was not reported. Using data on maximum honey consumption at any one
time for adults (93g), children (60g) and infants (32g), the authors concluded that PA consumption from
locally produced honey was not a cause for concern58.

69. A 2002 review of PAs in honey noted that the highest identified level of 3.9 mg PAs/kg was in honey
reported to be from ragwort. This value was not corrected for extraction efficiency. The authors recognised
that where bees are used to pollinate plants such as borage, the resulting honey is likely to contain PAs, and
data from the literature did not indicate that bees avoid PA-containing plants except ragwort as described
by the Honey International Packers Association. Therefore it was thought likely that the PA content of a
particular honey will depend on the number of PA-containing plants in the forage area59.

70. The 2002 review considered exposure assessments which were carried out using a WHO database. The
consumption data included non-consumers and therefore averages tended to underestimate
consumption by consumers. In Europe average honey consumption is 1.3 g/day and high level (by the
95th percentile consumer) is 3.9 g/day. The estimated population average European dietary exposure
resulting from honey containing 2 mg PAs/kg, which the review authors described as typical of a honey
attributed to a single PA-containing plant, was 2.6 µg PAs/day59.

71. In 2004, Food Standards Australia New Zealand (FSANZ) reported that Australian honey samples had
levels up to 2 mg/kg PAs though it was noted that blending could substantially reduce this level. The
highest levels were found in honey from Paterson’s Curse/Salvation Jane (Echium plantagineum). The
FSANZ considered that 2-4 year old children of approximately 17kg with high levels of consumption at
28.6 g honey/day would be the most vulnerable subgroup of the population. To keep this subpopulation
within the ANZFA provisional tolerable daily intake (PTDI) of 1 µg/kg b.w./day, the honey consumed would
need to contain no more than 0.594 mg PAs/kg. However as other food sources need to be considered,
levels would need to be lower than this. As a result, the FSANZ advised that people consuming more
than 2 tablespoons of honey every day (approximately 5% of the population) should not eat honey made
exclusively from Paterson’s Curse/Salvation Jane60.

72. A recent Dutch study analysed honey samples for PA content of which 171 were retail samples of Dutch or
imported origin and 8 were from hives deliberately placed in areas with high levels of groundsel, another
PA-containing plant. Of the retail samples, 28% contained PAs at levels between 0.001 and 0.365 mg/kg.
Four of the eight non-retail samples had detectable levels of PAs with the highest at 0.010 mg/kg. Pollen
counts indicated that the bees had foraged on many other plants not just the groundsel61.
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73. The authors stratified Dutch honey consumers into groups depending on whether they consumed
honey from different sources or from the same manufacturer which could coincidentally contain high
levels of PAs. Each group was further subdivided into average (13 g honey/day) or high level consumers
(30 g/day). The authors concluded that “only in cases of prolonged consumption of types of honey
which contain high concentrations of PA is there any suggestion of a significantly increased risk of
cancer and possibly acute liver damage.” This was considered as rare so warning consumers of the risk
was not felt to be useful61.

Food Standards Agency funded project T01037 “Collection and Analysis of Honey Samples Potentially
Contaminated with Pyrrolizidine Alkaloids from Ragwort and Borage”

74. This project aimed to investigate the potential for PA contamination of honey if bees forage on
PA-containing flowers. Borage (Borago officinalis) and ragwort were the two flowers of interest and
honey was produced in areas where either borage or ragwort was growing in abundance. While the
PA concentrations in honey could not be quantified due to a lack of analytical standards, they could
be compared from one honey sample to another and relative to the amount of PAs in a fixed weight
of plant material62.

75. Honey produced in areas with high levels of ragwort showed little difference in the PA profile
compared to control sites except in honey from one site, which showed increased seneciphylline
N-oxide levels. However conditions were very different at this site compared to sites for commercial
honey production. Honey produced from ragwort is seen by beekeepers as a contaminant and is
unlikely to be used for consumption. The authors concluded that the results indicated that even
where there appears to be little else to forage on, the honey produced showed no conclusive
evidence of ragwort contamination in terms of PA profile and pollen contained in the honey. The
Honey International Packers Association has suggested that bees do not like foraging on ragwort or
producing honey from it. They also state that the honey tastes unpleasant and therefore would not
be consumed62.

76. Honey produced in areas with high levels of borage showed the presence of one PA which could have
been either intermedine or lycopsamine. Honey produced from borage has a distinctive taste and is
seen as a speciality product so attracts a premium price62.

77. This was a preliminary project to determine whether further quantitative analysis would be required
for risk assessment. A standard for lycopsamine is now commercially available and the Food Standards
Agency plans to fund further work to assess the levels of PAs in borage honey.

Previous risk assessments

World Health Organization (1988)

78. A WHO report provided a full account up to 1988 of experimental animal studies in addition to cases
of livestock and human poisoning events. Using data from outbreaks of human disease, the authors
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estimated total intake and length of exposure. Total doses in known outbreaks or cases of veno-
occlusive disease were estimated to be 1 to 167 mg/kg b.w. Data from the Ridker et al. (1985) report on
ingestion of comfrey indicated that ingestion of 15 μg PA/kg b.w./day, may lead to acute or subacute
liver disease in humans. As comfrey contains echimidine and related alkaloids, the WHO used rat LD50
data to derive the equivalent heliotrine dose so exposures from different case reports of human
disease could be compared. The heliotrine equivalent dose for this report was 9 μg/kg b.w./day.
Therefore the WHO considered it prudent to conclude that a dose equivalent to 10 μg/kg b.w./day
heliotrine may lead to disease in humans without providing further explanation5.

79. The WHO considered that the dose estimates derived indicated that effects are cumulative at very
low intakes and that chronic exposure even at low levels may present a health risk. It therefore
recommended that exposure should be minimised if possible. Long term effects in humans might be
liver cirrhosis or cancer but there had been a lack of long term follow up where exposure was known
to have occurred5.

Australia New Zealand Food Authority (2001)

80. This report provides a brief summary of the occurrence, chemistry, toxicity in livestock and humans,
metabolism, mechanisms of toxicity, carcinogenicity and dose-response for chronic liver disease of PAs.

81. The ANZFA concluded that the major human dietary source of exposure is contaminated grains, with
eggs, offal and honey being minor contributors. However the authors noted that the data available
were very limited and it was not possible to estimate the potential dietary exposure to PAs from
these food sources2.

82. The conclusion of the ANZFA risk characterisation was: “On the basis of the limited human data on
the incidence of veno-occlusive disease, a tentative NOEL for all PAs of 10 µg/kg b.w./day is suggested
based on the human data reported by Ridker et al. (1985). Applying an uncertainty factor of 10 to this
figure to take into account individual variation, the PTDI for PAs is 1 µg/kg b.w./day.

“Further characterisation of the potential human health risk from exposure to PAs in food is not
possible because there is currently inadequate dietary exposure information.”2

83. Despite 10 μg/kg b.w./day being quoted as causing disease by the WHO, the ANZFA cited comments
by Mattocks (1986) and Huxtable (1989) as suggesting that this dose ”may well be close to the NOEL
for humans”2. Both authors had highlighted the uncertainty stated in the original paper as to whether
the woman had had exposure to PAs from other sources3,63.

Dutch National Institute for Public Health and the Environment (2005)

84. The Dutch National Institute for Public Health and the Environment (Rijksinstituut voor
Volksgezondheid en Milieu, RIVM) established a virtually safe dose (VSD) for PAs of 0.00043 μg/kg/day,
leading to an increased risk of at most one person in a million developing cancer. For non-cancer
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effects, a tolerable daily intake (TDI) of 0.1 μg/kg b.w./day was derived from the rat NOAEL of
0.01 mg/kg b.w./day for non-neoplastic changes (hepatocyte cytomegaly) in the 105 week study cited in
paragraph 31 above, and using an uncertainty factor of 100 (10 for interspecies and 10 for intraspecies
variation)64. A 2007 report of the Dutch Food and Consumer Product Safety Authority (Voedsel en
Waren Autoriteit, VWA) concluded that “only in cases of prolonged consumption of types of honey
which contain high concentrations of PA is there any suggestion of a significantly increased risk of
cancer and possibly acute liver damage”61.

European Food Safety Authority (2007)

85. This is a report on the opinion of the Scientific Panel on Contaminants in the Food Chain on
pyrrolizidine alkaloids as undesirable substances in animal feed. The report provides a summary of
available data up to 2006. In relation to human exposure, EFSA recommended obtaining more data on
carry over of PAs into milk as infants may have high exposure via this pathway. Also the need for
quantitative assessment of the contribution of honey to human exposure was highlighted1.

UK Committee on Carcinogenicity of Chemicals in Food, Consumer Products and the Environment (2008)

86. The Committee on Carcinogenicity of Chemicals in Food, Consumer Products and the Environment
(COC) reviewed the mutagenicity and carcinogenicity of 7 PAs and 2 proposed metabolites. The COC
concluded that riddelliine was genotoxic and carcinogenic and it would be prudent to assume at least
part of the carcinogenic effect was through a genotoxic mechanism. Similarly, lasiocarpine is possibly a
genotoxic carcinogen. There were sufficient data to conclude that monocrotaline was carcinogenic.
There was limited evidence of carcinogenicity for clivorine, petasitenine and symphytine while for
senkirkine there was insufficient evidence of carcinogenicity. A limited number of studies using non-
oral routes of administration had been carried out on the two metabolites, dehydroretronecine and
dehydroheliotridine. On balance, these did not indicate carcinogenic activity of the metabolites.

87. The COC agreed that the BMDL10 derived from the NTP studies on riddelliine and lasiocarpine would
be an appropriate basis for a Margin of Exposure (MOE) approach to the risk assessment of PAs. The
lowest BMDL10 of 0.073 mg/kg b.w/day was derived from the study on lasiocarpine in male rats and
included adjustment of the high dose to take into account cessation of dosing and termination of all
animals by 88 weeks. Previously the COC have agreed that an MOE of less than 10,000 may be a
concern, an MOE between 10,000 and 1,000,000 is unlikely to be a concern and above 1,000,000 is
highly unlikely to be a concern65. This is similar to the 2005 EFSA Scientific Committee view that “an
MOE of 10,000 or higher, if it is based on the BMDL10 from an animal study, would be of low concern
from a public health point of view and might be considered as a low priority for risk management”66.

88. With evidence that the same rare tumour type, angiosarcoma, is produced by a number of PAs and
that formation of the DHP metabolite has been demonstrated with various PAs, the COC felt that a
cumulative assessment approach based on the most potent PA, lasiocarpine, as proposed by EFSA67

would be appropriate for all PAs.
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COT evaluation

89. The Committee noted that PAs are a large class of compounds with differing toxicities and that the
variability in potency is an important consideration in the risk assessment of these toxins.

90. The Committee discussed the differing ANZFA and WHO assessments of the case report by Ridker
et al., together with the additional comments made by Mattocks and Huxtable. The ANZFA supported
the WHO approach of extrapolation of the subject’s dietary exposure to 10μg/kg b.w./day heliotrine
equivalent. The authors of the case report recognised that the affected subject may have had further
sources of PA exposure in addition to those identified. This source of uncertainty was further
highlighted by Mattocks and Huxtable in their commentaries. While the ANZFA judged that this was
sufficient to deem 10 μg/kg b.w./day a tentative NOAEL, the WHO concluded that this exposure level
may cause disease.

91. The Committee concluded that a single human case report, with considerable uncertainties in the
exposure assessment did not provide a reliable basis for deriving a TDI. Therefore use of the 2 year rat
and mouse study with riddelliine administered by oral gavage was considered to be the most
appropriate basis for assessing risks of the non-cancer effects of PAs. A NOAEL of 0.01 mg/kg b.w./day
for hepatocyte cytomegaly in rats was observed in this study. Applying an uncertainty factor of 100, 10
for interspecies and 10 for intraspecies variation, indicated that non-cancer effects would not be
expected at doses of riddelliine up to 0.1 μg/kg b.w./day. It was noted that this dose was 100 fold lower
than the dose in heliotrine equivalents as defined by the WHO which the woman received in the
report by Ridker et al.

92. In their review, the WHO used the ratio of LD50s to compare doses of different PAs. The LD50 data
are based on intraperitoneal administration rather than oral dosing. However, as severe haemorrhagic
necrosis of the liver caused death in the animals studied, the data are relevant to the impairment of
hepatic function, which is the basis of the risk assessment. Therefore the Committee considered that
using the ratio of LD50 values is acceptable to extrapolate between PAs. It was noted that where they
occur, N-oxides should be considered as equivalent to their parent alkaloid, because of possible
conversion to this form in the gut following oral administration. This does not occur with
intraperitoneal administration, by which N-oxides are much less toxic than their parent alkaloid.

93. The Committee accepted the COC advice that PAs should be considered as a cumulative assessment
group where it is prudent to assume that PAs are genotoxic carcinogens. As a result, the Committee
used the BMDL10 of 0.073 mg/kg b.w./day to assess margins of exposure (MOE) for any PA assuming an
equivalent potency to lasiocarpine. In line with COC65 and EFSA66 opinions, the Committee considered
that MOEs of 10,000 and above, corresponding to doses of up to 0.007 μg /kg b.w./day, would be
unlikely to be of concern. Such doses are below the 0.1 μg/kg b.w./day identified as not expected to
be associated with non-cancer effects of PAs. The Committee noted the COC’s acknowledgement
that a cumulative assessment group approach assuming equal potency for all PAs would be likely to be
over-precautionary where little was known about the PAs in question.
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94. Using the limit of detection for honey of 1 μg/kg honey reported by Betteridge et al. in 200568 and for
milk of 10 μg/L milk reported by MAFF in 199455, hypothetical exposure assessments were carried out for
all age groups based on the UK National Diet and Nutrition Surveys. The age group with highest PA
exposure on a body weight basis in both instances would be infants.

95. High level (97.5th percentile) infant consumers have an intake of 6.97 g honey per day (equivalent to
1.14 g/kg b.w./day), which includes honey in other foodstuffs. This is despite FSA advice for infants not to
consume honey due to the very small possibility of bacterial contamination that could cause infant
botulism. Following consumption of honey with a PA concentration at the limit of detection
(1μg/kg honey68), these high level infant consumers would receive 0.0011 μg PAs/kg b.w./day. This is 66,000
fold below the BMDL10 and 90 fold below the dose of 0.1 μg/kg b.w./day, below which non-cancer effect
would not be expected ( this assumes that all the PAs present have equivalent potency to riddelliine, as no
quantitative data on individual PAs present in honey are available). The maximum PA concentration in
honey, which would still maintain an MOE of 10,000 compared to the BMDL10, for high level infant
consumers, would be 6.4 μg/kg honey.

96. There were limitations in the methods used in the Food Standards Agency funded study assessing honey
samples potentially contaminated with PAs from ragwort and borage. The lack of analytical standards at
the time of commissioning raised the possibility that where PAs were judged to be not present in the
samples, this resulted from an inability to detect them. There was also concern that the PAs sought were
the most prevalent in the plants but were not necessarily the most toxic PAs present. Overall, however, it
was considered that the data from the project supported the hypothesis that honey produced in areas
with a high concentration of ragwort is unlikely to be a concern for human health. The Committee noted
that PAs had been found in honeys sampled around the world. However, in the absence of quantitative
data on individual PAs present in UK commercial samples, it is difficult to assess the risk to the UK
consumer.

97. For milk, high level (97.5th percentile) infant consumers receive 1054 g milk per day (equivalent to 187.6 g/kg
b.w./day), where the specific gravity of milk is 1.03 kg/L. In milk with a PA concentration at the limit of
detection (10μg/L milk55), infants would be exposed to 1.8 μg/kg b.w./day, which is only 40 fold below the
BMDL10. Hence the analytical method lacks sensitivity to detect levels in milk, which result in high level
infant consumer exposure with a sufficient MOE to be of low concern.

98. Data on toxicity to young rats and calves following transfer of PAs to milk raised concern that human
children and infants may be vulnerable following exposure to cows’ milk and breast milk. Given the
relatively low intake of PAs, the Committee doubted that levels in breast milk would be sufficiently high
to cause significant effects in the neonate. In addition, the overall incidence of paediatric veno-occlusive
disease in the UK appears to be extremely low with the majority of cases accounted for by other known
causes such as cytotoxic drugs. Consumption of milk with PAs at the limit of detection would lead to
exposure only 40 fold below the BMDL10. Therefore the analytical method is insufficiently sensitive to
identify concentrations of PAs in milk that would be of low concern following human exposure,
particularly in high level infant consumers. However, the practice of bulking dairy milk supplies in the UK
provides some reassurance that PA exposure through milk is unlikely to be a human health concern.
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99. In addition to the precautionary nature of the assessment of carcinogenic potential, the Committee noted
that the exposure assessments are precautionary as they assume that all foodstuffs consumed will be
contaminated, which, while possible in the short term, is unlikely in the long term.

100. Data were not available on concentrations of PAs in grain, eggs or meat on the UK market and, therefore,
an assessment of UK consumer exposure from these foodstuffs could not be carried out. The Committee
noted that, if grain in the UK were contaminated to the same extent as the upper level identified in
Australia, human exposure from this source could be significant. However, the absence of data prevented
any further assessment of possible risk to the consumer.

101. It was noted that the Food Standards Agency research on PAs in honey is continuing while other
organisations are looking at PAs in milk and other products. The Committee will monitor this research and
other assessments made on PAs.

COT conclusions

102. PAs are known to cause veno-occlusive disease in humans. The available reports of human cases of
poisoning do not provide sufficiently reliable exposure data to be used in establishing a health-based
guidance value.

103. We conclude that the two-year study in rats administered riddelliine by oral gavage is the most robust
basis for assessing the non-cancer effects of PAs. Applying uncertainty factors of 10 for interspecies and
10 for within species variability to the NOAEL of 0.01 mg/kg b.w./day for hepatocyte cytomegaly, indicates
that 0.1 μg riddelliine/kg b.w./day would not be expected to result in non-cancer effects. The ratio of LD50
values can be used to convert other PAs to riddelliine equivalents for comparison with this dose.

104. We endorse the COC recommendation to assess all PAs as a cumulative assessment group using the
BMDL10 with an adequate MOE, while acknowledging the precautionary nature of this approach. A BMDL10
of 0.073 mg/kg b.w./day was derived from a 2 year carcinogenicity study of lasiocarpine and should be
used to assess exposure for any PA. Allowing an MOE of at least 10,000 indicates that PA doses of up to
0.007 μg /kg b.w./day are unlikely to be of concern for cancer risk. Such doses would also not be expected
to result in non-cancer effects.

105. The maximum PA concentration in honey, to maintain an MOE of 10,000 for high level infant consumers,
would be 6.4 μg/kg honey.

106. We note that consumption of milk with PAs at the limit of detection by high level (97.5th percentile)
infant consumers leads to exposure only 40 fold below the BMDL10. We conclude that there is a need for
more sensitive analytical methods to detect PAs in milk to enable assessment of exposure with an
adequate MOE compared to the BMDL10. However, based on the available data on PA content in milk and
the practice of bulking dairy milk supplies, which is likely to lead to dilution of any contamination present,
we conclude that PAs in milk are unlikely to be a human health concern. There is a need for more
information on the levels of PAs in grain in the UK to enable assessment of exposure and risk to
consumers from this source.

COT Statement 2008/06
September 2008
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Statement on the review of the 1998 COT recommendations on peanut
avoidance
1 The COT was asked by the Food Standards Agency (FSA) to evaluate the results of a literature review

that the Agency had commissioned following a research call issued in June 2007. The aim of this
review was to assess the scientific evidence available since 1998 concerning avoidance versus exposure
to peanut during early life and possible influences on the development of sensitisation and clinical
allergy to foods, with particular reference to peanut. In the light of this literature review, and taking
account of any other relevant information, the COT was asked to consider whether the
recommendations to pregnant mothers that were issued in the 1998 COT report on Peanut Allergy1

should now be amended or remain in place.

2. The literature review had been conducted by the British Nutrition Foundation (BNF), with assistance,
where necessary, on specific aspects of the evidence, from other scientific experts.

3. The COT was provided with the final technical report of the review of published literature2, as well as
summary information about unpublished and ongoing research. This information was supplemented,
at the request of the COT, by several key review articles together with summary details and abstracts
of relevant studies published since these reviews, on the evidence concerning early life dietary
exposures and atopic diseases other than food allergy, such as allergic asthma and atopic eczema. This
additional information was requested by the COT to enable the Committee to take into account any
relevant information from the wider body of evidence relating to early life exposures and the
development of allergic disease beyond food allergy specifically, that might inform the present review.
This supplemental information was collated by the FSA.

4. The Committee was grateful for the advice of a number of external medical and scientific experts,
which informed its discussion of the literature review conducted by the BNF and of the wider
evidence base. These were: Prof. Stephen Holgate, MRC Clinical Professor of Immunopharmacology
from the University of Southampton; Dr Andrew Clark, Consultant in Paediatric Allergy from
Addenbrookes Hospital, University of Cambridge; Prof. Graham Devereux, Clinical Senior Lecturer at
the University of Aberdeen and Respiratory Physician at Aberdeen Royal Infirmary; and Prof. Ian
Kimber, Professor of Toxicology at the University of Manchester and Programme Advisor to the FSA
Food Allergy & Intolerance Research Programme (T07).

Background

Peanut allergy

5. Allergy to peanuts is a serious health problem among UK children, with estimates of prevalence
suggesting that between 0.2 and 1.8% of children may be affected (see Table 2 on page 143). Allergic
reactions to peanut in both children and adults can be severe and can involve life-threatening
symptoms (anaphylaxis). Fatal food allergic reactions are rare and are more common in teenagers and
adults than in children, but peanuts are reported to be the commonest cause of such fatalities across
all age groups3. Sensitivity varies significantly between individuals and the most sensitive can react to
very small (mg or, in very rare cases, µg4) amounts of peanut protein.
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6. Unlike certain other food allergies such as egg and milk allergy, which are common in young childhood
but which tend to be outgrown, peanut allergy commonly persists throughout life5. In common with
allergy to other foods, there are currently no established primary preventive strategies for peanut
allergy. Moreover, the only means of managing the condition once it has developed is complete
avoidance of peanut coupled with use of rescue medication (antihistamines and adrenaline) to treat
the symptoms of a reaction once it has happened. Avoidance is both difficult to achieve in practice6,
and also has socioeconomic and quality-of-life consequences for affected individuals and their
families7.

7. Allergic reactions to foods can occur through several mechanisms but, in the great majority of
instances, peanut sensitisation and peanut allergy are mediated via IgE antibody. In common with
other forms of IgE mediated allergy, IgE mediated peanut allergy develops in two phases. In the first
phase, sensitisation is acquired by a susceptible individual following exposure to peanut. Sensitisation
is characterised by specific immunological priming involving the induction of a special type of
immunoglobulin, IgE that is in this case specific for peanut allergen. This IgE is distributed systemically
throughout the vascularised tissue and binds to mast cells. If the now-sensitised individual is exposed
to sufficient quantities of the same allergen, the IgE on the surface of mast cells can be cross-linked
and degranulation may be triggered, which will cause the release of various inflammatory mediators,
leading to the clinical manifestations (symptoms) of allergy. Once this second stage has been reached
then an individual is said to have clinical (symptomatic) allergy. In the case of peanut allergy, the
inflammatory response may occur within a few seconds or minutes after contact with the food,
leading to serious systemic responses that include anaphylactic shock, asthma, hives (urticaria and
angioedema) and gastrointestinal reactions such as vomiting and diarrhoea. Usually reactions follow
dietary consumption of peanut, but they can also result from inhalation or skin contact with the
peanut or peanut products. As defined here, the key difference between sensitisation and allergy to
foods is that sensitisation, which is a priming of the immune response, is not necessarily associated
with symptoms when the food is consumed. Sensitisation is defined operationally by the presence of
allergen-specific IgE antibody directed to particular parts of an allergen molecule (usually a protein or
glycoprotein) and/or positive skin prick tests (SPT) when a very small dose of allergen is introduced
through the skin. Allergy is diagnosed using a combination of patient history, the presence of allergen-
specific IgE and/or skin prick test results, and, where there is any doubt, a controlled food challenge.

8. The factors that determine susceptibility to food allergy and control its development are of
considerable scientific and clinical interest, and the subject of current research. A major predisposing
factor in the acquisition of food allergy is inheritance of an atopic phenotype – characterised by the
ability to mount vigorous IgE antibody responses to allergens commonly encountered in the
environment, in food, the workplace, certain drugs and insect stings. There are also a number of other
factors that have important influences on the development of food allergy and determine which
foods lead to allergy in a particular individual. Of special importance are the route, timing, duration
and extent of exposure.
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9. Early life environmental and dietary experiences are of particular relevance in determining whether
allergy will develop, or whether the subject will develop protective tolerance. In the latter case the
individual will either fail to induce the class of immune response required for effective sensitisation or
will develop other immunological mechanisms that serve to prevent or neutralise IgE-dependant
allergic responses and, as a result, will be able to consume the particular foodstuff without triggering
the allergic cascade. The possibility that sensitisation (priming) to peanuts might be acquired from
exposure via the mother during pregnancy through the placenta or during lactation, is of particular
relevance to peanut allergy since in many cases, peanut allergy becomes apparent in children when
they display reactions following what is believed to be their first known dietary exposure to peanut
products. This possible sequence of events was one of the important pieces of evidence considered
by the COT Working Party on Peanut Allergy in 19988,9, and was influential in the development of the
precautionary recommendations made by the COT at that time.

Previous COT recommendations

10. In 1996, as a result of the particular severity of allergic reactions to peanut and the possibility that the
prevalence of this allergy was increasing especially in children, the COT convened a Working Group.
The aim of this Working Group was to review the scientific evidence on peanut allergy and to advise
on whether there was an association between early exposure to peanuts or peanut products and the
occurrence of peanut allergy in later life. Two of the four scientific experts who assisted the COT
with the present review, were also members of that previous COT Working Group: Prof Stephen
Holgate and Prof Ian Kimber.

11. At the time the COT Working Group was established few published studies were available on this
subject. However, what literature there was suggested that some food allergens contained in egg and
milk could be transmitted intact to infants via breastmilk10,11, possibly leading to sensitisation (priming)
of the infant12. There was also evidence from immunological studies of human umbilical cord blood
mononuclear cells (CBMC) taken at birth, showing proliferative and cytokine responses following
culture in vitro with certain food allergens. This evidence was considered suggestive of in utero
sensitisation and there were indications from the literature that such responses might be associated
with the subsequent development of allergic disease13. Published reports available at that time
describing children reacting on their first known dietary exposure to peanut8,9 were thus interpreted
as suggesting peanut allergen transfer in utero or during lactation as a route of sensitisation.

12. In considering the available published evidence on intrauterine immunological sensitisation and on
other possible routes of exposure to allergens, the COT concluded in 1998 that there was some
support for the suggestion that peanut allergy in infants could result from exposure in utero or during
lactation, but that the available data were inconclusive. However, with regard to the mechanism of
sensitisation and allergy, a link between peanut consumption by pregnant and lactating women and
the occurrence of peanut allergy in the child was considered possible. On this basis, the COT
considered that it would be unwise to discount the possibility of sensitisation of offspring resulting
from exposure of the mother, and issued a number of precautionary dietary recommendations.
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13. The dietary recommendations from the 1998 COT report on peanut allergy1 were that:

“ (i) pregnant women who are atopic, or for whom the father or any sibling of the unborn child has an
atopic disease, may wish to avoid eating peanuts and peanut products during pregnancy;

(ii) breast-feeding mothers who are atopic, or those for whom the father or any sibling of the baby
has an atopic disease, may wish to avoid eating peanuts and peanut products during lactation;

(iii) a) in common with the advice given for all children, infants with a parent or sibling with an atopic
disease should, if possible, be breast-fed exclusively for four to six months;

b) during weaning of these infants, and until they are at least three years of age, peanuts and
peanut products should be avoided;

(iv) infants or children who are allergic to peanuts should not consume peanuts or peanut products. ”

14. The report also recommended that parents or those charged with the care of peanut allergic children
or infants should:

“ (i) be vigilant in reading labels on all multi-ingredient foods and should avoid any for which doubt
exists about the ingredients;

(ii) be aware that even minute amounts of peanut allergens may result in severe reactions. They
should therefore be alert to the possibility of accidental exposure and should ensure that cross-
contamination of foodstuffs with peanut allergens does not occur;

(iii) be aware of the treatment for anaphylaxis should inadvertent exposure occur at, for example,
school, or the homes of other children. ”

Developments since 1998

15. The previous COT recommendations formed the basis of Government advice that has now been in
place for 10 years. Since 1998, several studies (including some funded by the FSA), have been published
on the subject of sensitisation and allergy to foods in relation to early life dietary (and to a lesser
extent non-dietary) exposures which add to the evidence base that underpinned the 1998 COT
recommendations. One significant development during the intervening period has been recognition
that, in principle at least, sensitisation to peanut proteins could be acquired via routes of exposure
other than dietary intake, notably through skin contact. Although the importance of skin exposure in
driving sensitisation to peanuts (and possibly other food stuffs) is suspected, it has not been
established with certainty. If it were confirmed, however, the implication would be that sensitisation
in early life might not require passage of peanut allergen via the placenta or breastmilk. Since the COT
recommendations were made, there have also been several studies published on the frequency of
sensitisation and allergy to peanuts, which could inform understanding of whether the prevalence of
this allergy is increasing. It was therefore considered timely to re-assess the current state of scientific
knowledge in this area and, based on the evidence now available, to re-consider whether the 1998
COT dietary recommendations remain appropriate.
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16. The COT was also informed that a recent House Of Lords Science and Technology Select Committee
inquiry on allergy, published in September 2007 14, included a recommendation to the UK Government,
based on submitted evidence, to revoke the current advice regarding peanut consumption by
pregnant women and infants. The Government response to this inquiry was that it was important to
review carefully all the relevant evidence that related to the acquisition of peanut allergy in order to
reassess whether or not the advice should be rescinded or revised. The response also noted that a
literature review commissioned by the Food Standards Agency was already being undertaken.

Literature review of studies published since 1998

17. A literature review, carried out by the British Nutrition Foundation (BNF), sought to identify and review
studies published since 1998 on the early life patterns of exposure to, and avoidance of, food allergens
and the later development of sensitisation and clinical food allergy, with particular reference to
peanut. To address this overarching aim, the researchers structured the literature review from three
different types of evidence: 1) studies conducted in humans; 2) studies conducted in animals; and 3)
in vitro immunological studies conducted on human umbilical cord blood. The reviewers specified
several research questions against which to identify studies of relevance, as detailed in Table 1.

Methodology

18. The following is a summary of the methodology used for the three different elements of the literature
review (human, animal and human umbilical cord blood studies). Full details of the methodologies,
including lists of search terms and data extraction forms, can be found in the final technical report of the
project 2.

19. The review of human studies was conducted according to standard systematic review procedures and
searched MEDLINE, EMBASE, the Cochrane Library and CAB Abstract databases to identify relevant papers
published between 1st January 1999 and 7th March 2008 inclusive. Inclusion and exclusion criteria were
drawn up for each research question and used to develop appropriate search term lists. In general terms,
inclusion criteria were based on including all study designs except case reports and therapeutic or
treatment studies; exposures of interest included exposure to or avoidance of any of the 14 allergenic
foods listed in current EU legislation15 and also kiwi fruit; and outcome measures included allergic
sensitisation to foods and clinical food allergy including that which is self-reported. Studies which reported
only other allergy endpoints such as asthma, atopic eczema, rhinitis, atopic wheeze and other respiratory
outcomes were excluded. Identified publications were assessed against the relevant inclusion/exclusion
criteria and those of potential relevance were assessed independently by two reviewers to determine
whether they should be included. Data extraction was performed in duplicate using modified versions of
the extraction forms produced by the Scottish Intercollegiate Guidelines Network (SIGN) 16.

20. Twenty four separate studies were identified by the review of the human studies, including 9 clinical
trials, 9 cohort studies, 4 case-control studies, 2 cross-sectional studies of associations between
dietary exposure measures and allergy outcomes, and 2 prevalence studies (some investigations used
more than one design).
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Table 1

List of the research questions around which the BNF literature review was structured

21. The review of animal studies was conducted as two separate expert literature reviews. One review
evaluated published experimental studies in animals which had examined the influence of maternal
and/or early life dietary and dermal exposures to peanut on the development of sensitisation,
symptoms of allergy or other immunologically relevant endpoints. The second identified similar studies
that had employed ovalbumin (hens’ egg allergen). In both cases the literature was searched
systematically, followed by expert review of the relevant scientific evidence. Both reviews were carried
out by Dr Rebecca Dearman, an expert in immunotoxicology and currently a Member of the COT.
Search terms were drawn up and conducted in Pub Med to identify relevant articles published since
1980. This earlier starting date was chosen in order to encompass the entire body of relevant evidence
from published animal studies, since such studies had not previously been reviewed by the COT. In
fact, only 2 studies published before 1998 were identified as being of relevance to the review; the
remainder being published from 1998 onwards. The searches resulted in a total of 30 papers being
included in the review of studies on peanut, and 25 for ovalbumin*.

Evidence from studies Research question 1: Does maternal dietary consumption of food allergens –
in humans or avoidance of dietary consumption of food allergens – during

pregnancy/lactation have any impact on the subsequent development of
sensitisation, or allergy to foods by the child?

Research question 2: Does dietary consumption of food allergens – or
avoidance of dietary consumption of food allergens in childhood – have any
impact on the subsequent development of sensitisation or allergy to foods?

Research question 3: Does non-dietary exposure to peanut in childhood, for
instance via skin or the respiratory tract, have any impact on the subsequent
development of sensitisation or allergy to peanuts?

Research question 4: Has the current UK Government guidance on dietary
consumption of peanuts and peanut products had any impact on sensitisation
and allergy rates to peanuts in the UK?

Evidence from studies Research question 5: Does maternal dietary/oral exposure to allergen (peanut
in animals or ovalbumin) – or avoidance of dietary consumption of allergen – during

pregnancy/lactation have any impact on the subsequent acquisition by
offspring of sensitisation (IgE antibody), or allergy (other signs) to the same
protein?

Research question 6: Does dietary/oral exposure to allergen (peanut or
ovalbumin) – or absence of dietary/oral exposure to allergen – have any impact
on the subsequent development of sensitisation (IgE antibody) or allergy (other
signs) to the same protein?

Research question 7: Does non-oral/dietary exposure to allergen (peanut or
ovalbumin), for instance via skin or the respiratory tract, have any impact on
the subsequent development of sensitisation or allergy to the same protein?

Evidence from studies Research question 8: Does intrauterine immunological sensitisation occur and
utilising human is it associated with subsequent atopic disease?
cord blood

Nature of evidence Research questions to be addressed
to be reviewed
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22. The review of studies on human umbilical cord blood was conducted as an expert review of research
published since the 1998 COT report on human CBMC responses and sensitisation and allergy, which was set
in the context of the state of scientific knowledge in this area in 1998 when the COT report was published.
This review was written by Prof. Graham Devereux, an expert in the early life origins of allergic disease*.

Findings of the literature reviews

Evidence from studies conducted in humans

Maternal dietary intake

23. The BNF review identified seven studies meeting the inclusion criteria that had investigated an
association between maternal dietary intake of allergenic foods during pregnancy or lactation and the
development of sensitisation or clinical allergy to foods in the child. These comprised one non-
randomised clustered trial17, two cohort studies18,19, and four case-control studies20-23. According to
the SIGN criteria, these studies, which involved a heterogeneous range of dietary exposures, were not
considered to be of high quality. In non-atopic women but not in atopic women, one of the case-
control studies (Calvani et al., 200620) did report a statistically significant decreased risk of sensitisation
to fish with increased maternal consumption of fish during pregnancy (consumption once a week
versus once a month or less (OR 0.22 (95% CI 0.08-0.55), consumption 2-3 times a week or more than
once a month versus once a month or less OR 0.23 (95% CI 0.08-0.69)). However, whilst the results
had been adjusted for various possible confounding factors, this did not include those associated with
breastfeeding; and the retrospective assessment of maternal diet, up to 18 years previously, could have
led to significant recall bias. The non-randomised trial17 found a higher rate of sensitisation to peanut
(when assessed by positive SPT but not by peanut-specific IgE) and soy (when assessed by IgE but not
by SPT), in mothers in the comparison group who were not avoiding allergenic foods when compared
with the mothers in the intervention group who were avoiding eggs, cows’ milk and fish for 3 months
after delivery (soy OR 6.01 (95% CI 1.09-43.33), peanut OR 10.67 (95% CI 1.24-239.1)). However, the
mothers in the intervention group were not instructed to avoid peanut or soy, which complicates the
interpretation of these findings. Of the two case-control studies, one compared maternal
consumption of peanut (during pregnancy and lactation) in a group of children who were sensitised to
peanut, with that in a control group of children who were sensitised to egg or milk (but not peanut)21.
The other study compared maternal consumption of peanut (during pregnancy and lactation) in a
group of peanut allergic children, a control group of atopic (but non-peanut allergic) children, and a
further control group of non-atopic children22. In the former study (Frank et al., 1999) unadjusted odds
ratios of between 2 and 4 were reported, but these were not found to be statistically significant
(consumption of peanut by mothers during pregnancy more than once a week compared with less
than once a week: unadjusted OR (peanut sensitisation as measured by positive peanut-specific IgE)
3.97 (95% CI 0.73-24.0); consumption of peanut by mothers during lactation more than once a week
compared with less than once a week: unadjusted OR (peanut sensitisation as measured by positive
peanut-specific IgE) 2.19 (95% CI 0.39 – 13.47))**. In the latter study (Lack et al., 2003), no statistically
significant associations between dietary consumption and peanut allergy in the child were found after
adjustment for potential confounding factors.

* These expert reviews, including the list of references that they encompassed, can be found in the final technical report of FSA funded research
project T07052 (http://www.foodbase.gov.uk)
** adjusted odds ratios were not reported
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24. One other report included in the literature review, of a study aimed primarily at assessing prevalence
of peanut allergy in young children, made reference to maternal peanut consumption and peanut
sensitisation (defined as a positive SPT to peanut), in infants6. This study found no association
between reduction in maternal consumption, or avoidance, of peanuts in response to the 1998
Government advice and whether or not their children were sensitised to peanuts, although it is
unclear from the published report whether this statement related to intake during pregnancy,
lactation or both.

Infant dietary intake

25. The BNF review identified nineteen studies meeting the inclusion criteria that had investigated dietary
consumption or avoidance of allergenic foods in early childhood, and the association with subsequent
development of sensitisation or allergy to foods. These included eight randomised controlled trials24-31,
ten cohort studies19,22,32-39 and one case-control study21. Again, there were heterogeneous exposures
and many of the studies did not adjust results for potential confounding factors. Most of the studies
identified had not been designed specifically to look at consumption of peanut, or other allergenic
foods, and food allergic outcomes, but instead focussed primarily on the impact of breastfeeding
versus formula feeding, duration of breastfeeding, and/or timing of introduction of solids/specific
foods, on a range of health outcomes including food allergy/sensitisation.

26. One general population study reported a statistically significant decreased risk of parental report of
doctor-diagnosed food allergy when comparing cows’ milk formula with breastfeeding, but the results
were not adjusted for paternal history of atopy, breastfeeding was poorly assessed, and food allergy
diagnosis was not confirmed by any objective testing32. Eight of the studies examined duration of
breastfeeding and none found a statistically significant association between breastfeeding beyond
6 months and lower food allergy risk. In fact, results of the studies identified in this area, where
statistically significant, tended to be in the opposite direction, i.e. increased duration of breastfeeding
beyond six months was associated with increased rate of food allergy. Two studies6,36 reported that
breastfeeding compared with never breastfeeding was associated with an increased risk of
food/peanut allergy in general populations, but these analyses did not adjust for possible confounding
factors. One study37 reported that children with a family history of allergy had an increased risk of
food allergy, at both 5 and 11 years of age, with duration of exclusive breastfeeding of 9 months or
longer compared with less than 9 months, (OR 5.3 (95% CI 1.2-24.1) for parental report of food allergy at
5 years of age, OR 7.9 (95% CI 1.4-50.0) for parental report of food allergy at 11 years of age). No such
association was found for children without a family history of allergy. A study by Lack et al., (2003)22

reported an association between breastfeeding beyond 6 months and peanut allergy (based on
positive peanut challenge), although this was not statistically significant after adjustment for potential
confounding factors (maternal atopy, maternal diet during pregnancy, infant diet).

27. Of those studies that examined the timing of introduction of solids or specific foods into the weaning
diet, one, conducted in a high risk population, reported a statistically significant increased risk of
wheat allergy associated with a delayed introduction (beyond 7 months of age compared with before
6 months of age) of cereals into the diet38 (OR 3.8 (95% CI 1.18-12.28) for parental report of wheat
allergy at 4 years of age). Another study, conducted in an unselected general population, reported a

Annual Report 2008



141

statistically significant increased risk of parental reports of doctor-diagnosed food allergy in children
who had milk or egg introduced later then 6 months of age, but in adjusted analyses there was no
statistically significant association between introduction of any foods later than 6 months of age
compared with before 5 months and food sensitisation (OR 0.83 (95% CI 0.49-1.41) for parental reports
of doctor-diagnosed food allergy at 2 years of age)39. A further general population-based study35

reported a statistically significant association between consumption of fish during the first year of life
and decreased risk of food sensitisation after adjustment for other factors (consumption more than
once a week versus never OR 0.47 (95% CI 0.33-0.69)). Clinical food allergy was not assessed in this
study. One case-control study (Frank et al., 1999)21 reported earlier introduction of peanuts/peanut
butter in children who went on to become peanut sensitised (mean age of introduction 12.5 (SD 6.4)
versus 17.3 months (SD 5.5), p = 0.03), but the study did not account for inadvertent exposure to
peanut in the child’s diet provided by caregivers outside the immediate household, or exposure
outside the home.

28. Three of the trials identified investigated multi-faceted interventions29-31, combining dietary avoidance
measures (such as avoidance of specified allergenic foods during pregnancy and/or in infant diet) with
non-dietary avoidance measures (e.g. house dust mite avoidance, avoidance of environmental tobacco
smoke, no pets) in high risk populations. These studies reported some statistically significant
associations between interventions and food sensitisation and/or food allergy outcomes. However,
the multi-faceted nature of the interventions means it is not possible to attribute the observed
associations to the dietary part of the intervention, or to any specific food within the dietary
intervention.

Non-dietary maternal/infant exposure

29. The BNF review identified only two studies meeting the inclusion criteria that had investigated the
possible influence of non-dietary exposure to peanut in childhood, for instance via the skin or
respiratory tract, on subsequent development of sensitisation or allergy to foods. One was a cohort
study40 and the other was a case-control analysis22.

30. The case-control study by Lack et al. (2003)22, found a statistically significant increased prevalence of
exposure to topical skin preparations containing peanut oil, in peanut allergic children (cases, n=23)
compared with atopic (n=70) and non-allergic (n=140) control children. This result was still significant
after adjustment for potential confounders (use versus no use of creams containing peanut oil and
positive peanut challenge OR 8.34 (95% CI 1.05-66.1)), but the risk estimate may have been inflated by
maternal recall bias due to the retrospective study design. No increased risk of peanut allergy in
children was found for maternal use of such skin creams. The mean number of peanut oil preparations
to which infants were exposed was also significantly higher for peanut allergic children (1.91) compared
with atopic (0.93) and non-atopic controls (0.81) (p<0.001). The other study, in which peanut oil was
used to deliver a vitamin supplement, conversely reported an increased risk of parental reported food
hypersensitivity (cows’ milk, egg, fish, soy, peanut and wheat allergy combined) for vitamins in water
compared with vitamins in peanut oil in the first year of life (OR 1.87 (95% CI 1.32-1.65))40.
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Impact of the COT recommendations on dietary consumption of peanut and on sensitisation and allergy
rates to peanut

31. The BNF review identified two general population studies that had specifically investigated the
impact of the 1998 COT recommendations on maternal consumption/avoidance behaviour during
pregnancy and that had measured rates of sensitisation and allergy to peanut in children6,41. These
were prospective cohort studies (one carried out in Southampton and Manchester, and the other on
the Isle of Wight) which assessed dietary consumption during pregnancy and breastfeeding, and
subsequent rates of sensitisation and clinical allergy to peanut in children under 5 years old born after
the COT recommendations were issued. In addition, the BNF review identified a number of other
published studies reporting the prevalence of peanut sensitisation and/or peanut allergy in children of
different ages, some born before the 1998 COT recommendations and some born after. Many of these
additional studies were based on cohorts of children recruited from the Isle of Wight, but they also
included cohorts from elsewhere in the UK as well as some cross-sectional surveys conducted in the
US and in Canada.

32. The two cohort studies conducted on mothers and their children born after the COT
recommendations were issued, reported levels of recall of the COT recommendations at 40 – 60%
(42% of mothers recalled the recommendations in Dean et al., 200741, 61% in Hourihane et al., 20076).
However, the percentage of mothers changing their diet as a result of the recommendations was
lower. In the study by Dean et al., 21% of mothers changed their diet during pregnancy (reduced or
avoided peanut consumption), as a consequence of the recommendations, and Hourihane et al.
reported that 37% of mothers who recalled the recommendations changed their diet, although only
10% of the latter reported eliminating peanuts totally during pregnancy (i.e. only 3.8% of the whole
group of mothers). Further, both studies reported no indication that the target group of women
whose children had a family history of allergy were more likely to take up the COT recommendations
than the general population of mothers. Hourihane et al. also examined the mean age of introduction
of peanuts into the diet of children and reported this as being 32 months of age for peanut-sensitised
children and 29 months for those not sensitised. There was no significant difference between these
values (p = 0.42). The BNF review noted that an earlier study by Frank et al. 21, which had been
conducted before the 1998 COT recommendations were issued, but published in 1999, reported an
earlier age of introduction of peanuts in those who became sensitised (mean 12.5 months, SD 6.4)
compared with the more recent study conducted by Hourihane et al. (2007).

33. The BNF literature review compared the available data from studies that were identified on the
prevalence of sensitisation and/or allergy to peanuts in UK children born before and after the 1998
COT recommendations were issued. A summary of these data is presented in Table 2.

34. Data from studies conducted in the US and Canada are comparable with those presented in Table 2.
Bock (1987)49 reported the prevalence of peanut allergy confirmed by double blind placebo controlled
food challenge (DBPCFC) at 3 years of age as 0.6% (3/480), and data collected from a random dial
telephone survey, in which no objective testing was performed, indicated a peanut allergy prevalence
of 0.4% in 1997 and 0.8% in 2002 for children under 18 years of age50. In Canada peanut allergy
prevalence was estimated at 1.5% in 1999-2000 in children of average age 7 years51.
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SPT = Skin Prick Test. DBPCFC = Double Blind Placebo Controlled Food Challenge. OFC = Open food challenge. IgE= Immunoglobulin E
nd = not determined/not reported
* prevalence calculated based on using the total cohort size as the denominator. (As a result of new information provided by the researchers to
the FSA, this figure has been adjusted from the figure of 1.7% given in the technical report of the literature review conducted by the BNF, which
was calculated using the number of children who had a SPT as the denominator).

Children born before 1997
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Children born after 1998
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nd
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Table 2. Summary details of data on prevalence of sensitisation and clinical allergy to peanuts from published UK
studies identified by the BNF literature review
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Evidence from studies conducted in animals

Maternal intake

35. The expert reviews of studies conducted in experimental animals did not identify any relevant
studies on maternal dietary intake of peanut allergen during pregnancy or lactation and sensitisation
outcomes in the offspring. In relation to ovalbumin, two studies were identified that demonstrated
suppression of specific IgE responses following intraperitoneal/subcutaneous immunisation with
ovalbumin in the offspring of rats fed high oral doses of ovalbumin (200mg/day via the drinking
water52 or 21.5% of the animal’s diet53 respectively), during pregnancy or lactation. A more recent
study was identified as demonstrating that intranasal or intragastric exposure of lactating mice to
ovalbumin also resulted in reduced IgE antibody and reduced respiratory hypersensitivity responses in
offspring on subsequent inhalation challenge54.

Direct oral exposure during early life

36. The literature review identified a larger number of studies in animals that had investigated the direct
impact (i.e. not via the mother) of oral exposure to peanut/ovalbumin on subsequent development of
sensitisation. In relation to oral exposure to peanut, the review identified studies conducted in mice
demonstrating that relatively low doses (0.02 to 0.2 mg) of peanut extract administered orally (either
by gavage or in the diet), subsequently enhanced peanut-specific IgE responses to subcutaneous
immunisation with peanut extract and adjuvant55,56, whilst higher doses (100 mg) of peanut extract
resulted in oral tolerance and inhibition of specific IgE responses following subcutaneous challenge55.
In relation to ovalbumin, the review identified studies, conducted in mice and in dogs, that also found
that low doses of oral exposure resulted in sensitisation responses, whereas high doses resulted in
inhibition of sensitisation responses and reduced symptoms in response to subsequent challenge with
the same allergen. The response pattern for ovalbumin was different from that for peanut, in that
considerably lower doses (20 mg and above) of ovalbumin were found to result in tolerance55,57. In the
case of ovalbumin it was also observed that mice of different strains exhibited varying degrees of
tolerance to high doses of the allergen given orally58.

37. Further studies were identified that confirmed that under some circumstances, oral exposure to either
peanut extract or ovalbumin can lead to sensitisation rather than tolerance. For example in Brown
Norway rats, repeated low dose oral exposure to ovalbumin induced anti-ovalbumin IgE responses in
50% of animals59. In relation to peanut allergen, repeated low dose oral exposure to peanut protein in
BALB/c strain mice in the absence of adjuvant led to production of specific IgE over a 42 day period60.
Finally, there were many studies demonstrating that oral (intragastric) administration of peanut extracts
with adjuvant to various strains of mice induced the production of specific IgE antibody61,62. However,
it was noted that the main aim of these latter studies was to induce vigorous IgE responses for further
study, and not to replicate conditions of sensitisation in a human population. The nature of their
experimental design, which included use of adjuvants to boost the immune response, complicates
their extrapolation to oral exposure of the human population in which such adjuvants would not be
present.
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Non-dietary exposure

38. The literature review identified a number of studies which indicated that topical (dermal) exposure to
protein allergens, including peanut and ovalbumin, may induce IgE-mediated immune responses. For
example, topical exposure to low doses of peanut extract (0.1mg) through depilated intact skin of
BALB/c strain mice augmented subsequent specific IgE responses to oral challenge with peanut and
adjuvant61. Similarly for ovalbumin, mice exposed to 0.01 to 0.1 mg of ovalbumin via an occlusive patch
on shaved skin, developed more vigorous specific IgE responses than did mice immunised by
intraperitoneal injection of the same antigen in the presence of adjuvant63. Other investigators have
confirmed these findings using similar exposure regimens (i.e. administration of antigen via an occlusive
patch on shaved skin)64-67. Nedle et al. (2001) also demonstrated anaphylactic reactions upon oral
challenge with ovalbumin following topical exposure to the same allergen67. Furthermore, studies with
peanut extract have revealed that prior exposure to peanut through abraded skin prevented the
tolerogenic effects of high dose oral exposure in BALB/c strain mice56. The subcutaneous route of
exposure has also been shown to be effective for sensitisation of dogs to peanut extract68,69, although
the immunisation protocol used in these studies was vigorous, involving repeat injections in the
presence of adjuvant (to boost the immune response) over a period of some months. The direct
relevance of these data (deriving from experiments in which adjuvant has been incorporated) to
humans is unclear.

Evidence from studies of human cord blood

39. The expert review of studies on human cord blood identified 16 relevant publications between 1999
and 2007. The review discussed the results and significance of these studies in relation to three key
areas of continued scientific uncertainty since 1998:

● whether the fetus is exposed to maternally derived allergen

● whether allergen responsive cord blood mononuclear cells (CBMC) have been exposed to allergen
in utero

● whether allergen responsive cord blood mononuclear cells have been primed by allergen in utero

40. The literature review identified several studies that collectively demonstrate that the fetus is exposed
to tiny amounts of ubiquitous nutrient allergens derived from the mother’s diet. However, the
placental transfer of aeroallergens appears to be less efficient and much less frequent70-73. Few data
were available on the association between maternal consumption of food allergens (especially
peanuts) and immune responses to the allergens in the offspring. However, the review identified
studies based predominantly on aeroallergens which indicated that maternal allergen exposure during
pregnancy does not have a major influence on subsequent CBMC responses. A single study reported
a weak association between maternal exposure to aeroallergen and CBMC responses in the offspring74,
but this association was derived from multiple comparisons during the analysis of the study. The vast
majority of studies on maternal allergen exposure during pregnancy and CBMC responses failed to find
an association75,76. A further study demonstrated that maternal allergen exposure during pregnancy
only partly explains corresponding CBMC responses to that allergen. It was reported that only half of
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CBMC samples responding to the pollen allergen Bet v1 allergen came from pregnancies exposed to
birch pollen, indicating that CBMC samples were responding in the absence of previous exposure77.
Conversely, a high proportion of CBMC samples not responding to this allergen came from
pregnancies exposed to birch pollen, suggesting that CBMC responses after stimulation with
aeroallergens do not reflect in utero exposure to the allergen. Finally, the review identified two recent
studies which comprised detailed investigations of CBMC responses and the timing of allergen
sensitisation, and reported that neonatal T cell responses to allergens differ markedly from those
occurring later in life78,79. Thornton et al. (2004)78, demonstrated that neonatal T-cells responding to
allergens express CD45RA and CD38 and the majority undergo apoptosis (cell death) after stimulation.
These authors concluded that responding neonatal T-cells are naive immature thymic emigrants with
modified antigen receptors that interact non-specifically with protein antigens, providing short-lived
cellular immunity that does not generate conventional T-cell memory. More recent work by the same
group has indicated that stable IgE-associated Th2-cell memory to house dust mite and peanut occurs
entirely postnatally and does not appear until after 6 months of age79. However, this latter finding has
yet to be confirmed by other studies.

Other evidence considered by the committee

Recently published research

41. A paper describing a cross-sectional study of peanut allergy prevalence and infant weaning practices
among Jewish children resident in the UK compared with Jewish children resident in Israel, was
published in October 2008, during the course of the Committee’s current review of the evidence80.

42. This paper described a comparison between over 5,000 Israeli children (aged 4 to 18 years) and a
comparable number of Jewish schoolchildren of similar age range living in the UK. The study was
prompted by the observation that in Israel, peanut-based products are widely used as weaning foods,
resulting in very high levels of dietary exposure during infancy. This is very different from practice in
the UK where dietary exposure to peanut products during infancy is substantially lower. Using a
validated food allergy questionnaire, the researchers compared the prevalence among these two
groups of children, of allergy to each of 5 foodstuffs (peanut, sesame, tree-nuts, hens’ egg and cows’
milk). Although the prevalence of allergies to egg and milk in the two groups was similar, a significant
difference in peanut allergy was observed (UK 1.85% versus Israel 0.17%), and the authors reported an
adjusted risk ratio for peanut allergy between these two populations of 9.8 (95% CI 3.1-30.5). The
authors speculated that these findings may reflect a direct relationship between the early introduction
of peanut products into the diet and a lower rate of peanut allergy among the children, concluding
that they raised the question of whether early and frequent ingestion of high-dose peanut protein
during infancy might prevent the development of peanut allergy through the induction of oral
tolerance to peanuts. However, it is notable that differences between the UK and Israel cohorts were
also observed with regard to the prevalence of tree-nut allergy, which were not correlated with
differences in the dietary consumption of tree-nuts by infants. For this reason the findings reported
by DuToit et al80 cannot be regarded as conclusive. Nor should the reported prevalence of peanut
allergy among this selective UK population (at 1.85%) be regarded as representative of UK
schoolchildren more generally.
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Unpublished and ongoing research

43. The Committee also considered technical summaries of two relevant unpublished studies, together
with a technical summary of a relevant published study whose published outputs had reported only
selective aspects of the study and, therefore, had fallen outside the scope of the main literature
review. All three studies had been funded by the FSA, under project codes T07043, T07028 and
T07005. Final reports of these studies are available from the Agency’s library81-83.

44. The first (project T07043)81 was a retrospective case-control study that compared environmental
exposure to peanut during the first year of life in children with peanut allergy and two groups of
referents – children with egg allergy who had been referred to the same food-allergy clinic and children
attending general paediatric clinics with non-allergic complaints. Environmental exposure to peanut was
defined in terms of total consumption of peanuts and peanut-containing foods by all household
members, and was assessed using a previously validated food frequency questionnaire84 that included
questions about portion size as well as frequency of consumption. Information was also collected on
maternal consumption of peanut during pregnancy and whilst breastfeeding, and on other possible risk
factors such as use of peanut-containing creams during infancy. To counter possible recall bias,
potential cases and egg-allergic controls were recruited on first attendance at a food-allergy clinic from
children whose parents at that time did not identify peanut as a suspected cause of their symptoms.
Their exposures were then assessed before the specific nature of their allergy was established. The
study found that median weekly household peanut consumption during the first year of life was 78.9 g
for the cases as compared with 29.1 g for the non-allergic controls, and only 7.8 g for the controls with
egg-allergy. These figures are equivalent to 18.8 g, 6.9 g and 1.9 g respectively of peanut protein. These
differences were statistically significant (p <0.0001), and could not be explained by differences in
maternal consumption of peanut during pregnancy or lactation. The researchers hypothesised that
they occurred because environmental exposure to peanut, occurring through cutaneous or inhalation
routes, led to sensitisation in the absence of significant oral exposure.

45. The second and third studies (projects T0702882 and T0700583) were both based on a randomised
intervention trial of the effect of maternal dietary avoidance of egg during pregnancy and lactation,
on food and aero-allergen sensitisation and on allergy outcomes up to 18 months of age, in a high risk
population (where the mother or father had a history of allergy). Project T07005 evaluated the effects
of maternal egg avoidance on allergy outcomes and project T07028 used the maternal dietary data
collected from the trial together with that obtained from a retrospectively administered dietary
questionnaire, to investigate associations between peanut consumption/avoidance during pregnancy
and the development of peanut allergy in the infant by 18 months of age.

46. Project T0702882 found no consistent relationship between estimated peanut intake during pregnancy
and the subsequent development of peanut allergy in children at 6, 12 or 18 months of age. Levels of
peanut-specific IgG and IgE in maternal blood and breastmilk, measured during pregnancy and
breastfeeding, also did not appear to be related to peanut allergy in children at any of these time
points82. However, the statistical power of this study was limited (maternal diet diaries were available
for 227 women, dietary questionnaires were available for 165 women, and the number of children who
were sensitised to peanut ranged between 7 (at 6 months of age) and 10 (at 18 months of age)).
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47. Project T0700583 found that despite intense dietetic input and support, only 16% of the mothers in
the egg avoidance group managed to remain completely egg- free from recruitment to delivery.
Overall there was no association between the maternal egg avoidance diet and prevention of either
egg sensitisation or any other associated allergy and allergic disease by 18 months of age. However,
there was a significant positive relationship between total egg intake from recruitment to delivery and
atopy at 18 months of age, (p=0.041) (where atopy was taken as being skin prick test positive to any
allergen and/or the presence of eczema). A moderate weekly egg intake (range 65-149 g, roughly the
equivalent of 2 to 4 eggs) was significantly linked with development of atopy compared to a low
weekly intake (range 0-78 g, roughly equivalent to between 0 and 2 eggs). When these results were
analysed together with the atopic status of the parents, it was reported that whilst a moderate egg
intake by atopic women, when compared with a low intake, was associated with development of
atopy in the infant (although not statistically significantly); when the mother was not atopic but the
father was, a very low intake compared with a moderate intake was associated with atopy in the
infant (p= 0.006). A very low total egg intake compared with a moderate intake by non-atopic
mothers was also associated with sensitisation to egg in the child at 1 year (p=0.019). Overall egg intake
in the study (even among the control arm mothers who were not avoiding egg) was relatively low
when compared with national averages. Therefore, it was not possible to evaluate the effect of high
egg intake on allergic outcomes in this trial. Egg proteins were detected in breast milk and umbilical
cord blood in a number of cases, sometimes in association with other antibodies and sometimes free.
Free levels occurred more frequently where the mothers were attempting to avoid egg and this was
associated with more allergy in the babies. The researchers concluded that egg avoidance diets are
very difficult to sustain and that there was no overall association between avoidance and atopic
outcomes, although there were complex interactions between dietary intake, maternal atopic
phenotype and allergy outcomes in the baby.

48. The Committee was also provided with brief summaries and study protocols of two major ongoing
clinical intervention trials* that were testing the hypothesis that early introduction of allergenic foods
into the diet of children, promotes the acquisition of oral tolerance as opposed to clinical allergy, and
therefore results in a reduced rate of allergy to the food(s). One of these studies was focussing on
peanut and was using a high risk infant population. The other was focussing on early introduction of
six allergenic foods in the general infant population.

49. Finally, the Committee was also informed about a major EU Framework 6 funded research project that
is currently investigating the prevalence of food allergies (including peanut allergy) in infants, children
and adults across Europe. The project is called EuroPrevall**. The birth cohort part of the project,
which includes a UK sample of ~1200 infants, has the potential to deliver robust data on the
cumulative prevalence of individual food allergies in the first 2 years of life in a combined cohort size
of more than 10,000 infants. It is expected that these data will become available in the next 2 years.

Evidence relating to asthma and atopic eczema

50. To supplement the human data relating to food allergy outcomes, the Committee was provided with
three recent review articles plus one editorial that had evaluated the published evidence on dietary
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* Summary details about these two randomised intervention trials can be found at http://www.leapstudy.co.uk/ and at
http://www.food.gov.uk/science/research/researchinfo/foodcomponentsresearch/allergyresearch/t07programme/t07projectlist/t07051/
** Further details about this project can be found on the project website www.europrevall.org/



149

exposure to/avoidance of allergenic foods and the development of allergic disease more generally
than just food allergy85-88. Collectively, these publications covered studies published up to March
2006. Relevant papers published since that time were identified via a literature search conducted by
the British Medical Association (BMA) on behalf of the FSA, and through consultation with the four
medical and scientific experts who were assisting the COT in this review and who had expert
knowledge of the literature in this area.

51. The literature search conducted by the BMA was conducted in OVID MEDLINE, using search terms
similar to those used by the BNF, but including allergy, asthma, atopy, eczema/atopic dermatitis and
wheeze as additional outcome measures. This search identified a further 1001 papers, which were
assessed at title and then abstract stage against eligibility criteria for inclusion/exclusion. This reduced
the selection to 49 published papers, 25 of which were subsequently excluded on the basis that they
focussed on breastfeeding (duration/exclusivity/comparison with formula(s)) and allergy outcomes,
rather than on exposure/avoidance of allergenic foods specifically. A further 12 papers were excluded
as not being of interest to the review on other grounds, for example studies that looked at
associations between overall dietary pattern, or nutritional content, and allergy outcomes. A written
summary* covering the remaining 12 papers identified as relevant89-100, plus three additional papers
published since March 2006 and identified via consultation with the four experts as of potential
relevance101-103, were provided to the Committee for its consideration.

Committee Discussion

The literature review of human, animal and cord blood studies

52. The Committee considered that the literature review of human, animal and cord blood studies had
been a significant and complex undertaking given the breadth of the subject areas to be covered. The
review was considered to be of high scientific quality and rigour. It was noted that none of the
studies identified in the review of human studies had been assigned high scores against the SIGN
criteria used by the BNF, although the Committee had reservations about SIGN grading as an index of
quality for observational data. Also, the overall evidence base was limited. Much of the relevant
evidence was from studies not designed to investigate the influence of peanut in the diet and few
data came from prospective studies.

53. Aspects of the design and scope of the human studies part of the literature review, could have limited
the breadth of potentially relevant evidence that was captured and evaluated. The application of strict
inclusion and exclusion criteria had resulted in a large number of studies being excluded, and it was
possible that some of these studies contained information of indirect relevance to the review. In
particular, it was considered that the exclusion of studies that had investigated exposure to or avoidance
of allergenic foods and their possible influence on the development of allergic diseases other than food
allergy, such as allergic asthma and atopic eczema, was a potential limitation of the BNF review. The
Committee noted that the supplementary ascertainment of evidence in these latter areas was not fully
systematic, but was able to consider recent review articles together with relevant papers published
subsequently, in order to inform its discussions on the principal outcome of peanut allergy.

* This written summary formed part of the papers for the 14th October 2008 COT meeting, and can be found on the COT website at:
http://cot.food.gov.uk/pdfs/tox200833annex2.pdf
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Evidence from human studies

54. The Committee noted that the BNF review did not identify any high quality studies published since
1998 that had directly examined the effect of consumption versus avoidance of peanut or other
allergenic foods during pregnancy or lactation on the development of sensitisation or food allergy in
the child. No published randomised controlled trials were identified by this part of the review. It was
also noted that the two case-control studies identified that had looked for associations between
peanut consumption and peanut sensitisation or allergy21,22, did not report any statistically significant
associations after adjustment for confounders, although the variables accounted for in the analysis by
Lack et al. were not specified in the published paper22. Frank et al., reported odds ratios of 2-4 for
peanut consumption more than once a week during pregnancy/lactation compared with less than
once a week, but the associated confidence intervals were wide21. The lack of high quality studies
carried out in humans coupled with the heterogeneous range of exposures that these studies
compared (e.g. low versus high peanut consumption/ none versus any peanut consumption), and the
small number of studies that had focussed on peanut consumption, precludes definitive conclusions
as to whether maternal consumption or avoidance of allergenic foods during pregnancy or lactation,
has any impact on the subsequent development of sensitisation or allergy to peanut in the child. The
two unpublished studies reported to the Committee by the FSA (projects T07005 and T07028), do not
provide any evidence that alters this conclusion.

55. The available evidence from studies in humans on the effects of consumption versus avoidance of
dietary allergens during infancy/early childhood and the development of sensitisation or food allergy,
is also very limited. A greater number of studies were identified in this area of the BNF literature
review, including some randomised controlled trials. However, none of these was designed to
investigate the effects of dietary consumption or avoidance of peanuts specifically, on food allergic
outcomes. The majority were designed to compare breastfeeding with formula feeding, or to
investigate the effect of duration of breastfeeding and/or timing of introduction of solids on allergic
outcomes, and few looked at exposure to peanut. Therefore, the relevance of these studies to the
present review is limited.

56. In the published literature that is currently available, there is limited evidence from one randomised
controlled trial (RCT)37 that, in children with (but not without) a family history of food allergy,
breastfeeding for 9 months or longer is associated with increased risk of food allergy. The Committee
noted that out of eight studies identified by the BNF review as assessing the effect of duration of
breastfeeding, none found that breastfeeding beyond 6 months was associated with lower risk of
food allergy. The Committee considers that the single case-control study that reported an earlier age
of introduction of peanut into the diet in subjects who became peanut sensitised compared with
those who did not21, does not by itself provide sufficient evidence on which to base firm conclusions.
The Committee also noted that two out of 3 multifaceted intervention trials identified by the BNF
review, reported a statistically significant association between combined allergen avoidance and a
reduced risk of sensitisation to foods (which included peanut), in the child. However, the individual
factors responsible for the observed effects in these cases could not be disentangled and there was
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no suggestion that such protective effects, if real, translated into a lower risk of clinical food allergy.
Further, the third of these trials did not find a statistically significant protective effect of avoidance
measures on sensitisation or allergy outcomes. Overall, the Committee considers that the available
human data on whether dietary consumption or avoidance of allergenic foods in childhood has an
impact on the development of allergy or sensitisation to allergenic foods are inconsistent. The two
ongoing clinical intervention trials that are seeking to test the effect of early dietary introduction of
high doses of peanuts, either alone, or in combination with other allergenic foods, on later allergic
outcomes, have the potential to provide more conclusive data from humans on whether early high
dose oral exposure to peanut and/or other allergenic foods leads to a reduction in sensitisation and
food allergy. Results from these studies, will not, however, be available until 2013 at the earliest.

57. Currently, the available evidence from human studies regarding the possible importance of non-
dietary routes of exposure is extremely limited. However, the findings of the two studies conducted
by the research group led by Prof. Lack22, 81, only one of which has yet been published in a peer-
reviewed journal22, together provide some indications that non-oral routes of exposure to peanut,
such as through the skin, may be important in the development of sensitisation and peanut allergy
during early childhood. Whether such a route of exposure might also be a risk factor for sensitisation
in humans to other food allergens is unknown. The suggestion from the study by Lack et al. (2003)22

that the use of infant skin creams containing peanut oil to treat inflamed skin is a risk factor for
developing peanut allergy is of concern. However, the Committee understands that following the
publication of the findings of that study, which were reviewed in 2002 by the Committee on Safety of
Medicines (CSM), actions were taken by the then Medicines Control Agency to ensure clear labelling
of peanut (arachis) oil whenever present in creams used for treating inflamed skin. The CSM also
issued advice at that time that patients known to be allergic to peanut should not take/use medicines
containing arachis oil (peanut oil) and such advice was also included in updated product labels and
information leaflets issued from that time onwards. A general decline in the number of infant skin
creams containing peanut oils has subsequently been observed.

58. The Committee also noted that the study by Lack et al. published in 2003, found that peanut allergy in
the cohort of children studied was independently associated with intake of soya milk or soya formula
in the first two years of age (OR 2.6, 95% CI 1.3-5.2). The authors suggested that this association could
have arisen from cross-sensitisation between peanut and soya through shared immunoreactive
epitopes, and concluded that consumption of soya formula in early life may be an additional risk factor
for subsequent development of peanut allergy. However, in vivo cross reactivity between peanut and
soya is relatively uncommon104 and a confounding factor in the observed association could be a family
history of milk allergy. A recent randomised controlled trial found that, during the first 2 years of life,
use of a soya formula compared with an extensively hydrolysed formula did not increase the risk of
developing peanut-specific IgE antibodies or of clinical peanut allergy, in infants with cows’ milk
allergy105. In addition, a recent cohort study of babies with a family history of allergic disease found
that whilst children whose parents introduced soya formula or soya milk into their child’s diet were
more likely to be sensitised to peanuts, this relationship was explained by family or child history of milk
allergy (OR after adjustment for family/child history of milk allergy = 1.34, 95% CI 0.64-2.79, p = 0.4)106.
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Evidence from studies conducted in animals

59. The available data from animal studies suggests that maternal oral or mucosal exposure to hens’ egg
ovalbumin during gestation and/or lactation, possibly with high doses of allergen, may protect
offspring from the development of IgE-mediated responses to the same antigen. However, at this
time, there are no comparable data for peanut. Experimental studies in rodents can provide valuable
insights into the mechanisms of immune responses to food proteins. However, because of significant
interspecies differences, it is difficult to replicate all aspects of human allergic disease in a single animal
model. Therefore, caution should be used when attempting to extrapolate from animal models to the
human situation. However, the findings do suggest that well designed, adequately powered, studies
are warranted in humans to investigate the influence of high versus low doses of food allergen
consumption during pregnancy/lactation on food allergy outcomes.

60. The available data from animal studies that have investigated the effect of dietary exposure to food
allergens on immunological responses in the same animal indicate that oral exposure to either
ovalbumin or peanut extract in low doses may induce sensitisation (measured as IgE antibody and
immediate type hypersensitivity reactions). Conversely, higher doses of the allergens may result in oral
tolerance and/or inhibition of sensitisation to subsequent immunisation with the same allergen.
However, there are significant inter-strain differences in susceptibility to allergen, and the dose
response relationships for the two allergens are different in that higher doses are required to generate
tolerance to peanut compared with ovalbumin. Although not investigated in a systematic way, it is
also probable that the age of animals at which a protein is first encountered via dietary or gavage
exposure will impact on the effectiveness with which oral tolerance is induced107. For these reasons
and those stated previously (para. 59), caution is required regarding extrapolation of these data to the
human situation. However, they do suggest that dose, and possibly the time at which food allergens
are first encountered orally, might be critical in determining the immunological outcome.

61. Potentially important evidence from studies in animals has emerged since the previous COT review
relating to the skin as a possible route of sensitisation to food allergens. The available data in this area
(all of which have been reported since 1998), provide evidence that relatively small amounts of peanut
extract or ovalbumin when applied to skin that has been damaged to replicate eczematous skin, can
induce strong IgE-mediated immune responses. These findings have been replicated in more than one
animal species and in more than one study. Based on these investigations, the skin may be an
important route of sensitisation to allergenic foods during early life. There is also limited evidence
from these studies that where sensitisation is acquired via exposure to the skin, this may prevent the
subsequent induction of tolerance that would normally be expected following oral exposure to the
same antigen. In these studies, peanut protein was applied to damaged rather than intact skin, which
may be an important factor. However, it is known that apparently healthy human skin often contains
minor abrasions, and that barrier function in skin from atopic individuals is often compromised108. It
remains to be confirmed whether abrasion, occlusion or impaired barrier function are necessary for
the induction of allergic responses to proteins encountered at skin surfaces. Again, some caution is
required in the extrapolation of these data from animal studies to the human situation, but there are
already some parallels between the animal data and the associations between household
(environmental) exposure to peanut and/or use of peanut oil-containing creams and peanut allergy in
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children, that have been reported from the few human studies available (see paragraphs 30, 44, and 57).
More evidence from studies in humans is needed to confirm whether or not the skin is an important
route of sensitisation to peanut and other food allergens, and if so, to define the relevant
immunological mechanisms involved.

Evidence from studies of human cord blood

62. The evidence base relating to whether intrauterine immunological sensitisation to allergens can occur
and whether this is associated with subsequent allergic disease has also changed since the 1998 COT
review. At that time, the view among the scientific community was that umbilical CBMC proliferative
and cytokine responses reflected in utero exposure to, and sensitisation by, allergens. However, the
data that have become available since then (discussed in para. 39-40), indicate that the associations
between antenatal allergen exposure and CBMC responses are more complex than previously thought,
and cast doubt on the assertion that observed CBMC responses to allergen are necessarily a
consequence of maternal exposure to that allergen either during pregnancy or lactation. On the basis
of the evidence base that is now available, the Committee consider that it is highly probable that the
fetus is exposed to small (but variable) amounts of food proteins derived from the mother’s diet and
transported across the placenta, but it is unclear whether such fetal exposure results in in utero
sensitisation of the fetal immune system. Furthermore, it is not possible to conclude that the in vitro
CBMC responses observed after stimulation by food proteins necessarily reflect in utero exposure
and/or sensitisation. Finally, the Committee consider that even if it could be established that in utero
priming of fetal T-cells by maternal dietary proteins takes place, it would not necessarily follow that
such priming results in clinical allergy in the infant.

Evidence relating to atopic asthma and atopic eczema

63. The Committee considers that the currently available evidence on dietary exposure to allergenic
foods in early life and the risk of development of forms of atopic disease other than food allergy,
such as allergic asthma and atopic eczema, is inconsistent and does not provide robust evidence of
either harmful or beneficial effects associated with dietary exposure or avoidance. Most of the
available literature in this area has not focused on the effects of exposure to peanut, but rather on
exposure to other foods or on other possible dietary influences on these health outcomes, such as
duration of breastfeeding, timing of introduction of solids, and use of infant formula. A single
published study, based on a Dutch cohort of pregnant women and their babies, has reported a
positive association between consumption of nut products during pregnancy and the asthma-related
health outcomes of childhood wheeze, dyspnoea and ‘asthma symptoms’ (daily versus rare
consumption of nut products OR (childhood wheeze) 1.42 (95% CI 1.06-1.89), OR (dyspnoea) 1.58 (95% CI
1.16 – 2.15), OR (‘asthma symptoms’) 1.47 (95% CI 1.08-1.99))103. However, whilst the sample size was large
(n = 2832), there was no association of these endpoints with consumption of nuts as opposed to nut
products, and there was also no association between nut or nut product consumption and any of the
food allergy related endpoints that the researchers evaluated (skin prick test reactivity to milk, egg or
inhalant allergens at 8 years of age and reported food allergy)103. In addition, the comparison was
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carried out in a context of multiple statistical analyses, and the finding has not been replicated by
other studies. A similar dietary assessment analysis of pregnant mothers in the UK, which was carried
out prior to this study, found no associations with either nuts or nut products90.

Evidence relating to prevalence of peanut sensitisation and allergy

64. Estimates from population-based surveys of the prevalence of peanut sensitisation and allergy are
heterogeneous, both across different age ranges, and within similarly aged children from different
studies. This variation precludes confident derivation of a single summary estimate of the prevalence
of peanut allergy in UK children. However the available data suggest that the current prevalence of
peanut allergy in UK children lies between 0.2% and 1.8%.

65. There are several limitations of the current evidence base that complicate the evaluation of temporal
trends in UK prevalence of peanut sensitisation and peanut allergy in children. These include the use
of different methodologies for the determination of clinical allergy and, to a lesser extent,
sensitisation, with few studies having used the gold standard methodology for determining food
allergy, the Double Blind Placebo Controlled Food Challenge (DBPCFC); low response rates in some
studies with a potential for resultant bias; and (with the exception of the study by Lack et al. (2003)22),
low statistical power to determine the prevalence of relatively rare health outcomes. Evaluation of
trends is further complicated because studies have been conducted in different places and not always
on children of the same ages.

66. Overall, the available data in the UK provide no clear evidence that age-specific prevalence rates of
peanut sensitisation and peanut allergy among children have changed significantly during the past 20
years. If the data from the Isle of Wight studies of children aged 3 to 5 years are considered on their
own44,45,47, there is a suggestion that the rates of both peanut sensitisation and peanut allergy may
have increased in that area between the late 1980’s and the mid 1990’s (before the 1998 COT
recommendations were issued), but it is unclear whether this trend can be extrapolated to the wider
UK population and there is no suggestion of a further increase since that time. Data on hospital
admissions for food-related anaphylaxis, which are not specific for peanut109 reveal a marked increase
in England during the period 1990-2000, with a levelling off thereafter. However, it should be noted
that this occurred in all age groups more or less in parallel, and even if driven by allergy to peanut
(which is not known), appears to be a "period effect" and not a "cohort effect" of the type that would
be expected if it reflected changes in exposure to peanut in utero or in infancy.

67. The Committee also noted the findings of the two published studies by Dean et al. (2007)41, and
Hourihane et al. (2007)6, which examined the impact of the COT recommendations on children born
after they were issued, and which were not able to discern any impact of the recommendations,
either positive or negative, on the prevalence of peanut allergy in 3-5 year old children. The findings
of those two studies on the low percentage take-up of the recommendations by mothers, coupled
with evidence that the recommendations were taken up similarly by non-atopic as well as atopic
women (the target group), are notable. They suggest that the recommendations have not been
disseminated effectively, and/or that they have not been implemented by mothers as intended.
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Conclusions and recommendations

68. From the evidence that was reviewed, the Committee has drawn the following conclusions:

i. It is unclear whether prevalence rates of peanut sensitisation and allergy in the UK have changed
since the previous COT recommendations were issued in 1998.

ii. The new evidence that has become available since 1998 reduces the suspicion that maternal
consumption of peanut or peanut products during pregnancy might predispose infants to the
development of peanut sensitisation and allergy. In particular, it now appears that in vitro
responses to allergens by umbilical cord blood mononuclear cells do not necessarily reflect
maternal exposure to the allergens concerned. In addition, there is now limited human evidence,
consistent with a larger body of animal data, suggesting that non-oral routes of exposure to
peanut, such as via the skin, may be relevant to the development of peanut sensitisation and
allergy during early childhood. This casts doubt on the previous assertion that reactions to peanut
on first known dietary exposure are necessarily indicative of sensitisation in utero or and/or during
lactation. Data from animal studies indicate that exposure of damaged skin to egg (ovalbumin) or
peanut allergens can result in the induction of IgE-mediated systemic allergic responses.

iii. Animal studies that have been reported since 1998 suggest that maternal oral exposure to the
hens’ egg allergen, ovalbumin, during gestation and/or lactation, particularly at high doses, may
protect offspring from developing allergic responses to this allergen. There are no comparable
data for peanut proteins in animals, or for humans, but the finding raises the possibility that
maternal dietary consumption of peanut might in some circumstances reduce the risk of peanut
allergy in offspring.

iv. Overall, the evidence now available does not indicate whether maternal dietary consumption of
peanut during pregnancy or lactation is more likely to increase or decrease the risk of sensitisation
and allergy to peanut in the child. An effect in either direction is possible, and it is possible that
the direction of effect could differ according to the level of intake. Alternatively, there could be
no effect at all.

v. Human data relating dietary consumption or avoidance of peanut or other allergenic foods in
childhood to the development of sensitisation or allergy or tolerance to peanut, are limited and
inconsistent. Data from animal studies suggest that, for peanut proteins and ovalbumin, the nature
of the immune response may depend on dose, with high exposures tending to induce tolerance
and low exposures sensitisation. However, there are no comparable published data for humans at
this time.

69. The shift in the balance of evidence since 1998 is such that the Committee believes that the previous
precautionary advice to avoid peanut consumption during pregnancy, breast feeding and infancy,
where there is atopy or atopic disease in family members, is no longer appropriate.
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70. However, the Committee considers that the basis of the more general recommendations made in 1998
is still justified and, therefore, recommends that:

(i) In common with the advice given for all children, infants with a parent or sibling with an atopic
disease should be breast-fed exclusively for around 6 months;

and,

(ii) Infants and children who are allergic to peanuts or peanut products, should not consume them or
foods that contain them;

and also recommends that:

(iii) those who are allergic to peanut should seek advice from medical professionals about avoidance
strategies.

71. However, it should be recognised that there remains scientific uncertainty about the determinants of
peanut sensitisation and allergy. Thus, further changes to this advice may be warranted in the future,
as and when new data become available. In particular, studies are currently underway to investigate
the impact on allergic outcomes of early dietary introduction of peanut and/or other allergenic foods
into the infant diet, and these studies have the potential to provide more definitive data in the next
5 to 7 years.

72. In addition, the Committee recommends that further studies are needed in humans:

a. to determine whether and to what extent the skin and respiratory tract are important routes of
sensitisation to peanut and other food allergens, and if they are, to determine the importance of
timing and dose, and the underlying mechanisms; and

b. to investigate whether and how oral dose levels influence the development of sensitisation,
allergy or tolerance to peanut and other allergenic foods.

73. The Committee also noted the need for clearer information on temporal trends in peanut
consumption and the prevalence of peanut allergy in UK infants and children, as well as on infant
weaning practices in the UK

COT Statement 2008/07
December 2008
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Appendix

Glossary of Terms and Abbreviations

This list defines the terms and abbreviations that appear in the Statement, as they have been used by the COT.

Adjuvant A substance that non-specifically enhances immune responses

Allergen Substance capable of inducing an allergic immune response

Allergy Adverse health effects resulting from stimulation of a specific immune response

Anaphylaxis Acute and severe allergic reaction characterised by urticaria, shortness of breath, rapid
fall in blood pressure and swelling of the throat and lips. Without immediate
treatment, anaphylaxis can be fatal

Antibody Immunoglobulin which is specific for an antigen or allergen

Asthma Chronic inflammatory disease of the airways which renders them prone to narrow too
much. The symptoms include paroxysmal coughing, wheezing, chest tightness and
breathlessness. The inflammation is commonly, but not always, associated with allergy
and, therefore, occurs in individuals who are genetically predisposed to produce IgE
antibodies

Atopic dermatitis An allergic skin disorder, characterised by severe itching, a distinctive distribution of
eczematous skin lesions, and, often, a personal or family history of atopic diseases.

Atopic disease Asthma, eczema/atopic dermatitis or hayfever

Atopy A predisposition to mount IgE antibody responses. Atopy is associated with allergic
disease and, in practice, atopic individuals are commonly defined as those who exhibit
sensitisation to two or more allergens.

CBMC Cord Blood Mononuclear Cell. CBMC is the mononuclear fraction of umbilical cord
blood and comprises monocytes and lymphocytes and is usually considered to be
indicative of T-cell responses to antigens.

CI Confidence Interval

Cytokine Soluble mediators that influence immune, inflammatory and other biological
responses. Produced and secreted by T and B lymphocytes, macrophages and by a
wide variety of other cells
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DBPCFC Double Blind Placebo Controlled Food Challenge. An in vivo test in which the patient
and doctor do not know which food is being tested until after the tests and the
recording of responses have been completed. Often regarded as the “gold standard”
of food allergy testing but infrequently used in peanut allergy due to the severity of
reactions that can be associated with this allergy.

Eczema A group of skin conditions characterised by dry, red, flaky, itchy skin. The most
common form of eczema is allergic or atopic eczema (also atopic dermatitis)

EMBASE An abstract and indexing biomedical database, which contains records from 1974 to
present

Epitope A discrete antigenic determinant within a protein that is recognized by antibody or
lymphocytes

Food allergen Substance found in food capable of inducing an allergic sensitisation and allergic
disease

Food allergy Adverse reaction to a food or food component that is mediated via immunological
mechanisms

Food hypersensitivity Heightened responsiveness induced by allergic sensitisation to food.

Gavage Feeding via oral tube directly into the stomach.

IgE antibody One of five classes of human immunoglobulin. IgE is involved in allergy and
anaphylaxis as well as protecting against parasitic infection

Immunisation The deliberate induction of an immune response by administration of foreign protein,
often in the presence of adjuvant

Immunoglobulins A family of proteins from which antibodies are derived. There are five main classes of
immunoglobulin in humans known as IgM, IgA, IgD, IgE and IgG

Intragastric Within the stomach

Intranasal Within the nose

Intraperitoneal Within the membrane that lines the abdominal cavity

In utero Within the uterus

in vitro In an artificial environment, rather than inside a living organism (in vivo) – usually
implies in laboratory culture
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MEDLINE The US National Library of Medicine’s bibliographic database that contains references
to journal articles in the life sciences. It hold citations from 1950 to present

Occlusive patch A patch that covers an application site on the skin and which enhances dermal
absorption

OFC Open Food Challenge. Challenging the patient with the food suspected to cause the
adverse reaction, without any attempt to hide the nature of the challenge from the
observer or patient

OR Odds Ratio

Peanut Also known as the groundnut or monkey nut. Comes from the legume family. Related
(Arachis hypogea) botanically to peas and beans. Not related to tree nuts such as brazil, hazel or almond.

Used in a number of foodstuffs and also used to produce peanut oil

Peanut oil Also known as arachis oil.

Phenotype The physical constitution of an organism as determined by the interaction of its
genetic constitution and the environment

Prevalence The proportion of a specified population with an attribute (e.g. having a disease) at a
stated point in time, or during a stated period

PubMed PubMed is a service of the US National Library of Medicine that includes over 18
million citations from MEDLINE and other life science journals for biomedical articles
back to the 1950s

Rhinitis Literally, inflammation of the nasal passages. Symptoms of nasal irritation, sneezing,
rhinorrhea (running nose) and nasal blockage

Sensitisation Immunological priming to an allergen such that the sensitised subject may exhibit an
adverse reaction following subsequent encounter with the same allergen

SD Standard deviation of the mean

SIGN Scottish Intercollegiate Guidelines Network

SPT Skin Prick Test. A test of allergenicity commonly used in allergy clinics

Th2 cells T helper (CD4+) lymphocytes of the type 2 subgroup which produce cytokines that
promote IgE antibody production and allergic responses
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T helper cells In general, T cells (CD4+) which help B lymphocytes to produce antibodies. Two
principal subtypes exist. Th1 cells produce IFN-γ �amongst other cytokines and
antagonise IgE responses. Th2-type cells produce interleukins that promote IgE
production and allergic sensitisation

T lymphocytes Thymus-dependent lymphocytes which, amongst other functions, help B
lymphocytes during immunological responses and provide protection from
intracellular microbial infection. Distinct sub-populations have been characterised -
see T helper cells above

Tolerance Specific immunological unresponsiveness or hyporesponsiveness resulting from
exposure to antigen

Tolerogenic Producing immunologic tolerance - see tolerance above

Wheeze A high-pitched whistling sound during breathing. It occurs when air flows through
narrowed breathing tubes
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COT Statement on the 2006 UK Total Diet Study of Metals and Other
Elements

Issue

1. The Food Standards Agency (FSA) has completed a survey of aluminium, antimony, arsenic, barium,
bismuth, cadmium, chromium, copper, germanium, indium, lead, manganese, mercury, molybdenum,
nickel, palladium, platinum, rhodium, ruthenium, selenium, strontium, thallium, tin and zinc in the 2006
Total Diet Study (TDS). The results provide up to date information on the concentrations of these
elements in foods and were used to estimate dietary exposures for UK consumers. The Committee was
asked to comment on the survey results and assess if the levels of any of the elements in the diet
posed a risk to human health. The COT last evaluated population and consumer exposures to twelve of
these elements (aluminium, arsenic, cadmium, chromium, copper, lead, manganese, mercury, nickel,
selenium, tin and zinc) in 2003, using data from the 2000 TDS1. Eleven other elements (antimony, barium,
bismuth, germanium, molybdenum, palladium, platinum, rhodium, ruthenium, strontium and thallium)
were last analysed in the 1994 TDS and evaluated by the COT in 19982; and indium was included for the
first time in the 2006 TDS.

The survey

2. The TDS is an important part of the UK Government’s surveillance programme for chemicals in food
and has been carried out on a continuous annual basis since 1966. Results from the TDS are used,
together with food consumption data from the National Diet and Nutrition Survey (NDNS), to estimate
dietary exposures of the general UK population to chemicals in food, such as nutrients and
contaminants, to identify changes or trends in exposure, and to make assessments on the safety and
quality of the food supply. Such data can then be used as background information when considering
issues such as the possible health impact of incidents of high-level contamination, and regulatory levels
for nutrients and contaminants in various foodstuffs. Results from the TDS also indicate where there is
a need for more targeted surveys, such as of arsenic levels in food, metals in infant food, and mercury
levels in fish, all of which have been the subject of previous statements3,4,5. Analysis for metals and
other elements in the TDS is carried out every 3 years.

3. The design of the UK TDS has been described in detail elsewhere6 and involves 119 categories of foods
combined into 20 groups of similar foods for analysis. The relative proportion of each food category
within a group reflects its importance in the average UK household diet and is largely based on an
average of three previous years of food purchase data from the National Food Survey (now the
Expenditure and Food Survey, EFS). Foods are grouped so that commodities known to be susceptible to
contamination (e.g. offal, fish) are kept separate, as are foods that are consumed in large quantities (e.g.
bread, potatoes, milk)6,7.

4. The survey data provided to the Committee related only to food prepared as for consumption.
Information on exposure from other sources, such as drinking water and dietary supplements, is not
captured by the TDS methodology. The Committee was informed on exposures from drinking water
and dietary supplements using data from the Drinking Water Inspectorate (DWI) and the Expert Group
on Vitamins and Minerals (EVM), respectively8,9.
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5. At present there are no specific limits on the levels of trace elements, minerals or other micronutrients
that may be contained in supplements sold under food law, although the EU is currently in the process
of setting maximum permitted levels for vitamins and minerals in dietary supplements. Industry
guidance on upper levels of vitamins and minerals is available for manufacturers of supplements to
ensure levels are not excessive. However, the supplements industry is not obliged to follow this
guidance and is only bound by the provisions of the Food Safety Act, which make it an offence to
offer for sale a food product that is injurious to health. The use of dietary supplements has increased
during the last decade10-12. Vitamin and mineral supplements surveys suggest that between 20 and 40%
of the UK adult population take supplements, with use most common among women aged 50-65
years13-16. The EVM has advised on supplemental amounts of minerals that even in conjunction with high
exposure from food and drinking water would not result in safe upper levels of intake being exceeded9.
Where supplements on the UK market exceed these amounts, the FSA has made recommendations for
reformulation or labelling with advisory statements in advance of the EU regulations on maximum
permitted levels5.

6. Consideration of speciation of an element is an important component of risk assessment as it focuses
the toxicological evaluation on the most relevant species, and allows a better understanding of the
mechanisms of toxicity. Despite advances in speciation analysis in the past 20 years and the availability
of methods for determination for some elements17, in general, the TDS only determines the total
concentration of elements. Elemental toxicity may vary according to the oxidation state, the formation
of complexes, and the biotransformation of the element17. The relevance of speciation to health effects
in humans has been demonstrated for a number of endpoints - for example, acute toxicity (lead),
sensitisation (nickel), neurotoxicity (manganese), nephrotoxicity (cadmium), reproductive toxicity
(mercury), genotoxicity (chromium), and carcinogenicity (arsenic)17. Where the 2006 TDS provided
information on the chemical forms in which an element occurred in foods, the COT took this into
account in its evaluation of potential risks to health. However, there were uncertainties in the risk
assessment where this information was unavailable or published toxicological data did not relate to the
same chemical forms of the element as occurred in food.

Concentrations of the elements in the foods surveyed

7. The full results of the 2006 TDS are published in a Food Survey Information Sheet18. In general, the
concentrations of each of the elements in the food groups were lower than or similar to those
reported in the 1994 and 2000 total diet studies, with the exception of aluminium, barium and
manganese.

8. Most of the food groups had aluminium concentrations lower than or similar to those reported in the
2000 TDS, the exceptions being bread, meat products, and other vegetables groups. The miscellaneous
cereals group had the highest mean concentration of aluminium (17.5 mg/kg), although this was lower
than the concentration in the 2000 TDS (19 mg/kg). The miscellaneous cereals group was the main
contributor to the population dietary exposure (42%) to aluminium. Possible sources of aluminium in
this food group include aluminium compounds present naturally, aluminium-containing additives, and
contamination from processing and storage of food in aluminium-containing utensils.

5 http://www.food.gov.uk/foodindustry/guidancenotes/labelregsguidance/supplementreformguidance
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9. Barium concentrations were similar to or lower than those reported in the 1994 TDS except for the nuts
group, in which the mean concentration was 131 mg/kg compared to 56 mg/kg in 1994.

10. Manganese concentrations were similar to or lower than those reported in the 2000 TDS except for the
bread, miscellaneous cereals and meat products groups. The largest increase (nearly 2-fold) was seen in
the meat products group.

Dietary exposure assessment

11. The exposure assessments reported for the 2006 TDS were made by combining concentration data for
the food groups with corresponding consumption data. The main source of data used by the FSA to
estimate food consumption is the NDNS15,19-22. The NDNS was carried out as a series of cross-sectional
surveys of diet and nutritional status; data from each of four age groups were collected over the years
1992-1993 (pre-school children aged 1.5-4.5 years, commonly referred to as toddlers), 1994-1995 (elderly),
1997 (young people), and 2000-2001 (adults). The Committee noted that these food consumption data
used to estimate exposures might not reflect current dietary habits and did not include children under
18 months or sufficient data to estimate the intake of sub-groups such as ethnic minorities. The
respondents in the surveys were asked to complete diaries of foods and beverages consumed over a
4 or 7 day period (depending on the survey), inside and outside the home. Quantities of foods
consumed at home were assessed by weighing them with digital scales. Quantities of foods eaten
outside the home were estimated from descriptions referenced to household measures. The dietary
information was recorded "as consumed" so recipes were required to identify the food components.
These recipes were obtained from the respondent's diaries, food manufacturers or published sources
(e.g. recipe books and websites). The fieldwork covered a 12-month period to account for possible
seasonal variations in eating habits. Other surveys such as the Expenditure and Food Survey23 and the
Dietary Survey of Vegetarians24 provided supporting information. The EFS is carried out annually and
provides data on food purchases at a household level. This information is used to inform the quantities
and relative proportions of each food that contributes to the total diet. The fieldwork for the Dietary
Survey of Vegetarians was carried out during 1994-199524.

12. The vast majority of FSA dietary exposure assessments for chemicals are carried out using a bespoke
in-house software package known as the Intake Programme. This programme estimates exposure by
combining data on the concentration of a chemical in each food group with information on the
distribution of individuals’ food consumption patterns. Participants in the NDNS keep a diary of their
food consumption, from which calculations are made of the total amount of each food group that
each individual consumed. With the assumption that each food group contained an element at the
concentration at which it was measured in the TDS, an estimate was made of the total daily amount of
the element that each participant consumed. From the distribution of estimated exposures across all
participants, values for mean- and high-level (97.5th percentile) exposure were then derived, which
represent estimated exposures for individuals who consume average amounts of the element from
food (mean-level consumers) and those who are among the highest consumers (high-level consumers).
Where a chemical could not be detected in one or more food groups, two alternative calculations were
made. In the first, all undetectable concentrations were assumed to be zero (lower bound), and in the
second, they were all assumed to be at the limit of detection for the method of assay (upper bound)6.
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6 In the calculation of upper bound exposures for inorganic arsenic, the concentration in the food groups was assumed to be equal to the
concentration of total arsenic (since this was lower than the LOD for inorganic arsenic) except in the case of the poultry food group where it was
considered to be equal to the LOD.
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Mean- and high-level exposures were then each expressed as a range, with the lower bound derived
under the first assumption and the upper bound under the second.

13. Table 1 compares the estimated dietary intakes of each element that was measured in the 2006 TDS for
the consumer groups for which consumption data were available, and also summarises relevant
tolerable intakes or other health based guidance values where they exist.

14. Estimates of dietary exposure for the different consumer groups were compared with available
tolerable intakes, such as Provisional Tolerable Weekly Intakes (PTWIs) set by the Joint FAO/WHO Expert
Committee on Food Additives (JECFA), taking into account previous COT evaluations. The COT
evaluation was also informed by a summary of toxicological data on the elements25. The PTWI is used
by JECFA to define tolerable intakes of food contaminants with the potential to accumulate in the
body. In this statement, the PTWI has been divided by 7 to provide a tolerable daily intake (TDI) for
comparison with the estimated daily dietary exposures (Table 1).

15. Exposure estimates were also carried out at the population level in order to assess trends in average
exposure for the UK population as a whole. Such trends may reflect changes in food consumption
patterns, changes in the concentrations of elements in foods, or both. Population dietary exposures
were estimated by multiplying the average amount of each food group consumed (based on
consumption data from the EFS survey and expressed in mg/day) by the corresponding elemental
concentration in the food group from the TDS study, and then summing across all food groups. The EFS
covers the total number of people in a household regardless of whether they ate specific foods or not,
and so the EFS consumption data are averaged for the whole population. Tables 2a and 2b compare
mean population dietary exposures to the 24 elements in the UK total diet studies dating back to 1976.

16. Exposures from drinking water were estimated for those elements included in The Water Supply (Water
Quality) Regulations 200026. Results from monitoring undertaken by each water company in 2007
provided a 1st percentile and a 99th percentile at consumers’ taps, except where fewer than 100
samples were taken, when the figures are the actual maximum and minimum results8. The 99th
percentile or maximum concentration was used to calculate exposure estimates from drinking water,
based on UK data for chronic tap water consumption (mL/kg body weight/day, 97.5th percentile) of
158 pre-school children, 60 young people, 39 adults, and 28 elderly15,19,21,22. For those elements not
included in The Water Supply (Water Quality) Regulations 2000, WHO Guidelines for Drinking-water
Quality were used to estimate potential exposure from drinking water27. Exposure estimates from
drinking water represent a worse case scenario because they are based on chronic water consumption
at the maximum concentration of the element. Concentrations of elements in drinking water vary over
time, even in the same region, and so it is highly unlikely that exposure to the maximum concentration
would occur persistently over a prolonged period. Estimates of exposure from drinking water were
carried out for aluminium, antimony, arsenic, barium, cadmium, chromium, copper, lead, manganese,
mercury, molybdenum, nickel, and selenium (see Table 3).
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COT evaluation

17. Health based guidance values were available for aluminium, antimony, barium, cadmium, chromium,
copper, lead, manganese, mercury, nickel, selenium, tin, and zinc. There were no relevant tolerable intakes
or reference doses by which to assess the safety of exposure to total or inorganic arsenic, bismuth,
germanium, indium, molybdenum, palladium, platinum, rhodium, ruthenium, strontium or thallium.

Aluminium

18. Aluminium occurs naturally in the environment where it is present in its 3+ oxidation state and not in
the metallic elemental state. Natural processes such as soil erosion and weathering of rocks, as well as
human activities, result in the release and redistribution of aluminium compounds to other
environmental compartments. Aluminium may form organic and inorganic compounds and is naturally
present in varying amounts in most foodstuffs. The use of aluminium and aluminium compounds in
processing, packaging and storage of foods, and as flocculating agents in the treatment of drinking
water, all contribute to its presence in foods and drinking water. Medicinal antacid preparations can
provide much larger aluminium doses, of up to 5 g per day.

19. Speciation is an important factor when considering the absorption of aluminium and it is widely
assumed that soluble aluminium compounds are more bioavailable than insoluble compounds28.
Absorption is also influenced by the presence or absence of particular foods and beverages (dietary
ligands) in the intestines, and by acid digestion in the stomach. Citrate, which could be present in foods
consumed at the same time as aluminium-containing foods, increases the absorption of aluminium29.
The net absorption of aluminium from food is approximately 1%, although this varies based on the
chemical forms present in the intestinal tract28,29. This low bioavailability is due to the formation of
aluminium complexes as the pH increases from the stomach to the intestines.

20. The JECFA recently revised the PTWI for aluminium because of emerging evidence that aluminium
compounds have the potential to affect the reproductive system and developing nervous system at
doses lower than the NOAEL used in establishing the previous PTWI28. The PTWI was reduced from
7 mg/kg body weight to 1 mg/kg body weight, and applies to all aluminium compounds, including
additives28. The PTWI incorporated a total uncertainty factor of 300 applied to the lower end of the
range of LOAELs (50 mg Al/kg body weight/day) to allow for inter- and intra-species differences and
deficiencies in the the database, notably the absence of NOAELs in the majority of the studies
evaluated and the absence of long-term studies on the relevant toxicological end-points. The
deficiencies were counterbalanced by the probable lower bioavailability of the less soluble aluminium
species present in food. Overall, an additional uncertainty factor of three was considered to be
appropriate. The JECFA noted that dietary exposure through foods containing aluminium compounds
used as food additives represented the major route of aluminium exposure for the general population,
but that further data were required on the bioavailability of different aluminium-containing food
additives28. The EFSA also recently evaluated the safety of aluminium from dietary intake, basing its
evaluation on the combined evidence from several studies showing adverse effects on testes, embryos
and the developing and mature nervous system following dietary administration29. The EFSA derived
the same TWI of 1 mg/kg body weight, noting that it was not possible to draw conclusions on the
specific sources contributing to the aluminium content of a particular food29. Limitations of the studies
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evaluated by the JECFA and the EFSA included lack of information on dose-response relationships, and
on specific individual aluminium compounds or species present in food, and a failure in some studies to
consider the basal aluminium content of the animals’ feed.

21. Estimates of dietary exposure to aluminium (high-level intake for adults, pre-school children, young
people, institutionalised elderly and vegetarian groups; and mean-level intake for pre-school children)
exceeded the PTWI set by the JECFA and the EFSA (equivalent to 143 µg/kg body weight/day) by up to
2.4-fold. The current average population exposure to aluminium (5.4 mg/day) was increased compared
to that reported in the 2000 and 1997 total diet studies (4.7 mg/day and 3.4 mg/day, respectively) but
lower than previous estimates (10 mg/day and 11 mg/day in 1991 and 1994, respectively). In previously
discussing the 2000 TDS, the Committee noted that the aluminium concentrations in the miscellaneous
cereals, sugars and preserves, and nuts groups were higher than those reported for the 1997 TDS. The
largest increase was seen in the miscellaneous cereals group and this was considered possibly to be due
to increases in the use of aluminium-containing preservatives in these foods, or the different
proportions of products sampled in this group compared to previous total diet studies1.

22. In the 2006 TDS most of the food groups had aluminium concentrations lower than or similar to those
reported in the 2000 TDS, the exceptions being the bread, meat products, poultry, other vegetables,
canned vegetables and fresh fruits groups, all of which had higher concentrations of aluminium
compared to those reported in the 2000 TDS. The miscellaneous cereals group had the highest mean
concentration of aluminium (17.5 mg/kg). This was lower than the concentration in the 2000 TDS
(19 mg/kg) but three times greater than the concentration from the 1997 TDS (5.2 mg/kg). The levels of
aluminium in this food group have varied from 4.8 mg/kg (1988 TDS) to 78 mg/kg (1994 TDS).

23. The miscellaneous cereals group, which comprises cakes, scones, biscuits, breakfast cereals, flour and
rice, was the principal dietary contributor to the population dietary aluminium exposure (42%). Possible
contributors to the relatively high aluminium concentration found in this group include naturally present
aluminium compounds, aluminium-containing additives which are permitted for use in some bakery
products30,31, and contamination from processing and storage of food in aluminium-containing utensils.

24. The results of the 2006 TDS show an apparent increase in dietary exposure to aluminium, although this
is within the estimated mean dietary exposure of European adults (1.6-13 mg/day)29. Variations in dietary
exposure may be accounted for by differences in soil composition in the regions where food is
produced, in individual dietary patterns and in consumption of foods with aluminium-containing food
additives. It is acknowledged throughout Europe, that for certain groups of the population, exposure to
aluminium will exceed the PTWI. This includes infants and young children, who have a higher food
intake than adults when expressed relative to body weight29. Consumption of tap water has the
potential to increase high-level exposure to aluminium by 3-7%, such that the worst case high level
intake of pre-school children could exceed the PTWI by 2.7-fold.

25. The Committee noted that whilst the estimates of dietary exposure to aluminium were not markedly
higher than previous estimates, they present uncertainty with regard to the safety of aluminium in food
in the light of the recent reduction in the PTWI, which is exceeded by some population subgroups.
There is a need for further information on possible sources and forms of aluminium in the diet and
their bioavailability.
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Antimony

26. Antimony was detected in most of the food groups except the oils and fats, eggs, and milk groups. The
meat products group had the highest concentration of antimony (0.0099 mg/kg). The estimates of
dietary exposure to antimony for all population subgroups were well below the TDI of 6 µg/kg body
weight/day set by the WHO in 2003. The TDI was based on a NOAEL of 6 mg/kg body weight/day for
decreased body weight gain and reduced food and water intake in a 90-day drinking water study in rats;
and an uncertainty factor of 1000 (100 for inter- and intra-species variation and 10 for the short duration
of the study)27. The toxicity of antimony is a function of the water solubility and the oxidation state of
the species, with antimony (III) being more toxic than antimony (V) and inorganic compounds being
more toxic than organic compounds27. No information was provided on how this TDI was set in relation
to speciation, although, the WHO noted that antimony leached from antimony-containing materials
would be in the form of the antimony(V) oxo-anion, which is the less toxic form. Intake of antimony
from drinking water could be up to about twice that from high-level intake from food, but estimated
worst case total intake is below the TDI.

27. The Committee concluded that the estimated dietary exposures to antimony were not of toxicological
concern.

Arsenic

28. The toxicity of arsenic is dependent on the form (inorganic or organic) and the oxidation state of
arsenical compounds. It is generally accepted that inorganic arsenic compounds are more toxic than
organic arsenic compounds, with the toxicity being linked to the soluble inorganic trivalent forms27.

29. In 2003 the Committee recommended that future surveys should measure both total and inorganic
arsenic and include consideration of other sources of exposure such as water1. The 2006 TDS surveyed
both total and inorganic arsenic but this information was not available for the arsenic content of water.
Food is generally the principal contributor to the daily intake of total arsenic in non-occupationally
exposed individuals32, but water can contribute more to the intake of inorganic arsenic. The levels of
arsenic reported in drinking water in England & Wales for 2007 ranged between 0.3 and 7.9 µg/L8; and
high-level intake from this source could be up to 1.2 µg/kg body weight/day for pre-school children, or
0.3 µg/kg body weight/day for adults. Since this is likely to be all in the inorganic form, it exceeds the
intake from food. There is potential for significant exposure from work in some industries, although in
the UK, arsenic and its compounds have been assigned a maximum airborne exposure limit of 0.1 mg/m3

(averaged over an 8-hour period)33. For people who are not occupationally exposed, inhalation exposure
can contribute up to approximately 10 µg/day in a smoker and about 1 µg/day in a non-smoker32. Other
potential sources of exposure include contaminated soils and polluted atmospheres32.

30. The Committee has concluded previously, when considering the 1999 TDS of total and inorganic
arsenic, that there are no relevant tolerable intakes or reference doses by which to assess the safety of
either inorganic or organic arsenic in the diet. The COT considered that the approach used to establish
the JECFA PTWI for inorganic arsenic (15 µg/kg body weight) in 1989 would now not be considered
appropriate, in view of the evidence of genotoxicity and carcinogenicity3. When establishing the PTWI,
the JECFA noted the epidemiological evidence of an association between overexposure of humans to
inorganic arsenic from drinking water and an increased cancer risk, and also noted that skin cancer did
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not occur in the absence of other toxic effects of arsenic34. The COT concluded that inorganic arsenic
is genotoxic and a known human carcinogen and therefore exposure should be as low as reasonably
practicable (ALARP)3. The European Commission has requested that the EFSA evaluate the risks to
human health related to the presence of arsenic in foodstuffs (including drinking water), covering the
ratios between inorganic and organic arsenic forms, the contribution of different foodstuffs to
exposure, and the exposures of specific population groups. There is currently an open call for relevant
data with the objective to collect all available data analysed during the time period from January 2003
to November 200835. These data will then be used by the EFSA in its risk assessment of arsenic in food.

31. The estimates of average population dietary exposures to total arsenic in the 2006 TDS were
comparable to those reported in the 1999 TDS of total and inorganic arsenic (0.061 - 0.064 mg/day and
0.055 mg/day, respectively3). The current population exposure to total arsenic was also similar to that
reported in total diet studies since 1991 (see Table 2a). In discussing the 1999 and 2000 total diet studies,
the Committee previously noted that fish was the major contributor to dietary exposure to arsenic and
that the predominant form of arsenic in fish is organic1,3. Inorganic arsenic contributed less than 10% of
the total dietary exposure to arsenic in 1999. Similarly, the results of the 2006 TDS indicate that fish was
the major contributor to dietary arsenic exposure and that inorganic arsenic contributed less than 12%
of the total dietary exposure.

32. With regard to population dietary exposures to total arsenic, since 1976 intakes have fluctuated but the
general trend appears to be downwards. Therefore, the previous COT conclusion that the organic
arsenic component is unlikely to constitute a hazard to health appears still valid. The average
population dietary exposure to inorganic arsenic was 0.0014 - 0.007 mg/day and was comparable to the
range reported in 1999 (0.0009 - 0.005 mg/day)3 and therefore does not raise any new concern.
Furthermore, although there is uncertainty about whether the JECFA PTWI for inorganic arsenic is
sufficiently protective, estimated dietary exposures in all of the population groups examined were less
than 20% of the PTWI (Table 1), and possibly less than 10% of the PTWI, taking into account the large
number (18/20) of food groups with inorganic arsenic levels below the limit of detection.

33. The Committee concluded that the data on arsenic appear consistent with previous surveys of total
and inorganic arsenic in food. Current dietary exposure to organic arsenic is unlikely to constitute a risk
to health. The advice on inorganic arsenic continues to be that exposures should be ALARP.

Barium

34. Barium occurs in nature as a divalent cation in combination with other elements. The two most
prevalent naturally occurring barium ores are barium sulphate and barium carbonate36. Barium sulphate
is present in soils but only a limited amount accumulates in plants. The main route of exposure to
barium compounds for the general population is oral intake via drinking water and food, with food
being the primary source36. Where barium levels in water are high, associated with groundwater of low
pH, drinking water may contribute significantly to barium intake27. No data are available on levels of
barium in drinking water in the UK.

35. Case reports indicated that in humans, intentional or accidental ingestion of barium can cause
gastroenteritis, hypokalaemia and hypertension. The WHO considered that the critical end-points for
deriving a TDI for barium are hypertension and impaired renal function36. Hypertensive effects have
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been observed in humans who ingested acute high doses of barium compounds and in workers who
inhaled barium carbonate and dusts of barium ores. Hypertension has also been reported in rats
exposed to barium chloride in drinking-water for 1 month at an estimated daily dose of 7.1 mg barium/kg
body weight. Drinking water studies in rats and mice also indicated the kidney to be a sensitive target
organ, with a lowest identified NOAEL of 45 mg/kg body weight in female rats given barium chloride in
drinking water for 2 years. The WHO identified a NOAEL of 0.21 mg barium/kg body weight/day from a
10-week experimental study in humans (barium chloride in drinking water up to 10 mg/L) and an
epidemiological study in populations living in communities with mean drinking water barium
concentrations of 0.1 and 7.3 mg/L. Blood pressures were not significantly affected by barium exposure
in either study. Applying an uncertainty factor of 10 to the NOAEL to allow for database deficiencies
and differences between adults and children resulted in derivation of a TDI of 20 µg/kg body weight36.
The WHO assigned medium confidence to this tolerable intake because neither study identified a
LOAEL, and noted that there were uncertainties about the most sensitive toxic end-point in humans,
and about whether there were differences in toxicity or toxicokinetics between adults and children.

36. In its Guidelines for Drinking Water, the WHO used the NOAEL of 7.3 mg/L from the epidemiological
study described above in which a population with drinking water containing a mean barium
concentration of 7.3 mg/L were compared with a population whose water contained a barium
concentration of 0.1 mg/L. Subjects were selected randomly from a pool that included every person
18 years of age or older that had lived in the community for more than 10 years. There were no
significant differences between the two populations in the mean systolic or diastolic blood pressures,
or in history of hypertension, cardiovascular disease, or kidney disease, and thus no LOAEL was
identified. An uncertainty factor of 10 was applied to the NOAEL to allow for intra-individual variation,
resulting in a guideline value of 0.7 mg/L37. Assuming a 60 kg adult drinking 2 litres of water per day, this
guideline value is equivalent to 23 µg/kg body weight/day which is comparable to the TDI established
by the WHO in 2001, as described in paragraph 35. Both of these reference doses apply to barium as an
element, and were derived from studies with barium chloride.

37. As with the results from 1994, the highest levels of barium in the 2006 survey were reported in nuts
(131 mg/kg) and bread (0.81 mg/kg). All other foodstuffs contained lower levels than in bread. Levels of
barium in nuts were double those reported in 1994 (131 mg/kg and 56 mg/kg, respectively). Estimated
average population dietary exposures to barium have increased by approximately 46% since the last
TDS in 1994. The estimates of dietary exposure to barium for pre-school children (mean- and high-level
dietary intakes) and of high-level intakes by adults, young people, free living elderly, and vegetarians,
exceeded the WHO TDI of 20 µg/kg body weight/day by up to 4.3-fold. Consumption of tap water has
the potential to increase high-level exposure to barium by 60-130%, which could result in a total dietary
exposure for high-level intake in pre-school children of 980% of the WHO TDI. However, because
barium levels in water vary over time and given that the drinking water estimated exposure was based
on the WHO guideline value and not a measured concentration, it is highly unlikely that this worst case
scenario would occur over a prolonged period.
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38. The population exposures that most exceeded the TDI were the high-level intakes for adults (~220% of
the TDI), young people and vegetarians (~320% of the TDI), and pre-school children (~420% of the TDI).
The mean population group exposures were below or in the region of the WHO TDI. Since the TDI is
derived from studies in which no statistically significant effects were observed, the LOAEL could have
been very much higher than the dose identified as a NOAEL, and hence the TDI may be over-
precautionary. Therefore, the Committee concluded, that the estimated exposures, which exceeded
the TDI by up to 4-fold, were not necessarily a toxicological concern. The Committee noted the
uncertainty regarding the lack of information on effect levels and on the bioavailability of barium in the
principal food group (nuts).

Bismuth

39. Bismuth was analysed previously in the 1994 TDS. Since 1994, estimated population dietary exposures
have increased by 5-fold from 0.4 µg/day to 2 µg/day. There are no health based guidance values for
bismuth. Bismuth is widely used in many medical applications, such as in compounds used in the
treatment of diarrhoea, nausea and other gastrointestinal disturbances, and suppressants of lupus
erythmatosus. Insoluble bismuth salts have also been used in cosmetics. No data are available on levels
of bismuth in drinking water in the UK, and a WHO drinking water guideline value has not been set.

40. In 9 patients being treated with tripotassium dicitratobismuthate for 6 weeks, Gavey et al.38 found that
a daily oral dose of 432 mg/day was without adverse effect. This dose is equivalent to approximately
7000 µg/kg body weight/day for a 60kg adult. The margin of exposure between this human therapeutic
dose and the highest estimated dietary exposure (0.217 µg/kg body weight/day; high-level intake by
pre-school children) is 32300 (rounded to the nearest 100). This margin of exposure indicates a low
concern for human health at the highest high-level dietary exposure. The Committee noted that doses
used in medicines are very much larger than the estimated dietary exposure. The Committee concluded
that dietary exposures to bismuth were unlikely to be of toxicological concern.

Cadmium

41. The major route of exposure to cadmium for the non-smoking population is via food, due to
contamination of soil and water. Gastrointestinal absorption is influenced by the type of diet and
nutritional status. For example, low iron status increases the uptake of cadmium. Cadmium was present
at low concentrations in ten of the food groups, with the highest concentrations in the offal (0.084
mg/kg) and nuts (0.065 mg/kg) groups. The estimates of dietary exposure to cadmium for all population
subgroups were below the PTWI of 7 µg/kg body weight (equivalent to 1 µg/kg body weight/day) set by
the JECFA in 198934. The PTWI was based on the risk of kidney damage at levels of cadmium in excess
of 50 µg/g in the renal cortex. Assuming an absorption rate of 5% and a daily excretion of 0.005% of
body burden, the JECFA concluded that total intake should not exceed 1 µg/kg body weight/day
continuously for 50 years; the PTWI was maintained in 200374. No information was provided on how
the PTWI was set in relation to speciation. Cadmium toxicity arises only when the chelation capability
of metallothionein in the critical organs or tissues is used up17. Consumption of tap water has the
potential to increase high level dietary exposure to cadmium by about 10-25%, but estimated worst
case total intake is below the TDI.
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42. The Committee concluded that the estimated dietary exposures to cadmium were not of toxicological
concern. This conclusion might need to be reviewed after completion of a risk assessment by the EFSA.

Chromium

43. The toxicity of chromium varies depending on the valency state, with hexavalent chromium being more
toxic than trivalent chromium, which is an essential trace element. Ingested trivalent chromium has a
low level of toxicity, due partly to its poor absorption. Hexavalent chromium and its compounds are
oxidizing agents capable of directly inducing tissue damage, and epidemiological studies have found an
association between exposure to hexavalent chromium and lung cancer39. The EVM considered that for
guidance purposes, an intake of 150 µg/kg body weight/day trivalent chromium would be expected to
be without adverse health effects9.

44. Almost all of the sources of chromium in the earth’s crust are in the trivalent state, and chromium
compounds in the hexavalent state are almost always derived from human activities39. Hexavalent
chromium in the soil tends to be reduced to trivalent chromium by organic matter; and studies with
gastric juices have demonstrated that hexavalent chromium is reduced to the trivalent form in the
gastrointestinal tract40. It was noted that chromium in food is likely to be largely, if not entirely, in the
trivalent form. Analysis of hexavalent chromium in a range of infant foodstuffs did not detect any
hexavalent chromium, although these observations were limited by the relatively high limit of detection
(300 ng/g)41.

45. The estimates of dietary exposure to chromium (mean- and high-level intakes) for all consumer groups
were within the EVM guidance level for trivalent chromium of 150 µg/kg body weight/day. Results from
total diet studies indicate that average dietary exposures to chromium have been steadily declining
since 1991. The estimated population dietary exposure to chromium from the 2006 TDS was
0.022-0.029 mg/day, reduced from 0.046 mg/day in 2000. The Committee on Medical Aspects of Food
and Nutritional Policy (COMA) did not set reference nutrient intakes (RNIs) for chromium but suggested
that an adequate level of intake lies above 0.025 mg/day for adults (equivalent to 0.4 µg/kg body
weight/day for a 60 kg adult) and between 0.1 and 1 µg/kg body weight/day for children and
adolescents42. The current population dietary exposure was comparable to the COMA suggested
adequate level of intake for adults. Consumption of tap water has the potential to increase high-level
dietary exposure to chromium by 50-120%. In addition dietary supplements could provide up to 0.6
mg/day (10 µg/kg body weight/day for a 60kg adult)9. Worst case total intake from food, water and
supplements is well below the EVM guidance level.

46. The Committee concluded that current dietary exposures to chromium were unlikely to be of
toxicological concern.

Copper

47. Copper is an essential trace element that has two valency states, copper (I) and copper (II). Copper was
present in all of the food groups analysed in the 2006 TDS. The offal (52.5 mg/kg) and nuts (9.15 mg/kg)
groups contained the highest concentrations of copper. Although copper is an essential trace element,
high levels can cause acute gastrointestinal effects. This may be a direct irritant effect of copper in
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water and is not so apparent when copper is present in the food matrix9. The estimates of dietary
exposure for all population subgroups were well within the PMTDI of 50-500 µg/kg body weight/day set
by the JECFA in 198243 and the safe upper level of 160 µg/kg body weight/day set by the EVM9. The
JECFA PMTDI was initially proposed in 1973 on the basis of human epidemiological and nutritional data
related to background exposure to copper. The EVM safe upper level was based on a 13-week feeding
study of copper sulphate in rats in which the NOAEL was 16 mg/kg body weight/day, with effects on
the liver, kidney and forestomach seen at higher doses. Reported minimum and maximum tap water
concentrations for 2007 were 0.015 and 4.25 mg copper/L, respectively8. Consumption of tap water has
the potential to increase high-level dietary exposure to copper by up to three-fold in pre-school
children, which could result in a total dietary exposure of 190% of the EVM safe upper level. However
because levels of copper in water vary over time, even in the same region, it is highly unlikely that this
worst case scenario would occur over a prolonged period. In addition dietary supplements could
provide up to 2 mg/day (33 µg/kg body weight/day for a 60kg adult)9.

48. The Committee concluded that the estimated mean- and high-level dietary intakes of copper were
unlikely to be of any toxicological concern.

Germanium

49. Germanium can exist in valency states of 2 and 4, and was last analysed in a TDS in 1994. Since 1994,
average population dietary exposures have decreased from 4 µg/day to 0.1-1.5 µg/day. Based on
population dietary exposures estimated from the 1994 TDS, the COT previously concluded that the
estimated dietary intakes of germanium in adults did not give cause for concern2. There are no health
based guidance values for germanium but the EVM concluded that naturally occurring germanium
present in food does not appear to be associated with any adverse effect, though there were
insufficient data to define a NOAEL for chronic exposure9. No information was available on what forms
of germanium are naturally present in foods or on potential intake from drinking water.

50. The Committee noted that population dietary exposures have decreased significantly since 1994 and
given that germanium was not detected in most (18/20) of the food groups analysed in the 2006 TDS,
the current dietary exposures to germanium were unlikely to be of toxicological concern.

Indium

51. Indium has not previously been included in a TDS. A food survey conducted in 1979 found
concentrations in nine food groups to be low, with only fats and green vegetables showing
concentrations of indium above the limit of detection. The mean daily dietary intake of indium was
estimated as between 5 and 27 µg44. In the 2006 TDS, the average population dietary exposure to
indium was comparable at 5 - 19 µg/day. With the exception of the canned vegetables and fruit
products groups, indium concentrations were below the limit of detection of 0.003 – 0.02 mg/kg. For
these two food groups, indium concentrations were 0.096 mg/kg (canned vegetables) and 0.031 mg/kg
(fruit products). In 1998 the COT evaluated the results from a multi-element survey of cows’ milk and
vegetables produced near industrial sites, concluding that the intakes of indium in adults were very
low45. There are no health based guidance values for indium. No information is available on indium in
drinking water in the UK and a drinking water guideline has not been set by the WHO.
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52. There are no data or reports of human toxicity from oral exposure to indium. Developmental toxicity
was reported following oral gavage administration of indium chloride to rats at doses of 100 mg/kg
body weight/day on days 6-15 of gestation46 and 300 mg/kg body weight on day 9 of gestation47.
Indium was found to cross the placenta resulting in a direct cytotoxic action on the embryo46.
A lifetime drinking water study in mice conducted with indium chloride suggested a LOAEL of
250 µg/kg body weight/day for growth suppression48. The margin of exposure between this chronic
mouse LOAEL and the highest estimated dietary exposure (0.93-1.48 µg/kg body weight/day; lower-
bound to upper-bound estimate for high-level intake in pre-school children) is 170 - 270 (rounded to the
nearest 10). There are no data on indium toxicity from food and the implications of the estimated
dietary exposures to indium and margins of exposure are uncertain.

53. The Committee concluded that, although there is uncertainty, the sparse data available did not suggest
that the estimated dietary exposures to indium give cause for toxicological concern.

Lead

54. Lead is dispersed throughout the environment as a result of human activities and food is one of the
major sources of exposure27,49,50. Lead in foods may be derived from the environment in which the
food is grown (air pollution from nearby industrial sources) or from preparation of foods with lead-
contaminated water and/or utensils27. The most critical effect of lead at low concentrations is impaired
cognitive development and intellectual performance in children, and studies have shown an association
between blood lead concentrations and reduced intelligence quotient (IQ) in children exposed pre- and
post-natally51. Young children are especially vulnerable to the effects of lead, because they absorb a
higher percentage of ingested lead and are more susceptible to its neurotoxicity. The Committee noted
that there could be subgroups of children with increased susceptibility to lead, such as those with
calcium deficiencies or living in areas of high social deprivation.

55. The concentration of lead in blood is the most widely used biomarker of exposure and is typically
reported in micrograms per decilitre (µg/dL). No threshold for intellectual deficits has been identified
but there is evidence of an association at blood lead concentrations below 10 µg/dL51. Surveys of blood
lead concentrations have indicated reductions in mean blood lead concentrations since the late
1970s49,51-53. Current mean levels in children in developed countries are in the region of 3 µg/dL52. This
reduction has been attributed to the reduced use of lead in petrol and to programmes aimed at
reducing exposure from other sources (such as phasing out the use of lead-based paints, eliminating the
use of lead in food containers, and the replacement of lead water pipes with non-lead alternatives).

56. In 1999 the JECFA performed a quantitative risk assessment of the effects of dietary lead intakes on IQ
in children. In order to correlate dietary intake with blood lead levels, the JECFA assumed that a dietary
intake of 1 µg/kg body weight/day would result in an increase in blood lead concentration of 1 µg/dL
(this being the upper estimate for infants), and that this relationship was valid over the long-term
(in utero and for the first 10 years of life)51. There have been a number of epidemiological studies
published since the 1999 JECFA assessment. Taken together, the available epidemiological data suggest
that an IQ deficit of between 1 and 5 points occurs for each 10 µg/dL increase in blood lead level49.
Recent studies have suggested that the dose-effect relationship is steeper than this at blood lead levels
below 10 µg/dL, but the precise shape of the dose-effect relationship at lower blood lead levels remains
uncertain49,54,55. There therefore remains no identified threshold for toxicity.
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57. Using the JECFA correlation of dietary intake to increase in blood lead level, and assuming an IQ deficit
of between 1 and 5 IQ points per 10 µg/dL increase in blood lead level, it is possible to quantify
approximately the IQ deficit resulting from exposure to lead in infants and young children at the level
of the PTWI. Dietary lead intake at the PTWI may be expected to increase the blood lead level in a
young child by 3.6 µg/dL, with a resulting indicative mean IQ deficit of between 0.36 and 1.8 IQ points.
Because of the uncertainties, this can only be regarded as an approximation of the degree of effect.
Uncertainties include the true steepness of the dose-effect relationship at blood lead levels of
<10 µg/dL; the nature of the dose-effect relationship below the lowest blood lead levels which have
been studied in epidemiological studies (<1 µg/dL); variation between individual children; and those that
arise because studies have assessed different aspects of cognitive and motor performance (such as
distractibility, poor organisational skills, impulsivity, inability to follow sequences of directions, and short
attention span). Limits to the precision of analytical and psychometric measurements further increase
uncertainty in estimates of the effect of blood lead concentrations below 10 µg/dL.

58. The highest estimate of dietary exposure to lead was 0.42 µg/kg body weight/day (for high-level intake
by pre-school children). This is comparable to the estimate from the 2000 TDS (0.47 µg/kg body
weight/day) and is approximately 12% of the JECFA PTWI (equivalent to 3.6 µg/kg body weight/day). The
JECFA PTWI of 25 µg/kg body weight for infants and children was originally set in 198650. At the time of
that evaluation, the PTWI was considered to be a level of exposure from all sources that was not
expected to cause an increase in blood lead concentration in young children (the historical background
being blood lead levels in UK infants at birth in the early 1980s). The JECFA again evaluated lead in 1993
when the Committee estimated what blood lead level the PTWI would lead to. As this was below
levels known to be associated with intellectual deficits in children at the time, the PTWI of 25 µg/kg
body weight for infants and children was re-confirmed and extended to all age groups56. The review of
the health effects of lead in 1993 was based on an assessment of lead that had been performed by an
International Programme on Chemical Safety Task Group, which was subsequently published57. In the
most recent evaluation by the JECFA, the Committee assessed the risk of dietary exposure of infants
and children, with special emphasis on the most critical effect, which was considered to be impaired
neurobehavioural development. The PTWI was not re-considered51.

59. A UK study of lead intake in children aged 2 years showed that dietary exposure to lead contributed
approximately 30% of total lead exposure, with the remainder coming mainly from sources such as house
dust, water and the air58. Thus, if dietary exposure to pre-school children is less than 30% of the JECFA
PTWI (i.e. less than 1.08 µg/kg body weight/day), total intake is unlikely to exceed the PTWI. Reported
minimum and maximum tap water concentrations for 2007 were 0.44 and 102 µg lead/L, respectively8.
Consumption of tap water has the potential to increase high-level dietary exposure to lead by up to
10-fold in pre-school children. In 2003 the COT commented on a survey of metals in infant food4. The
maximum estimated intake of lead was lower than for the previous survey and approximately 17% of the
JECFA PTWI. The COT welcomed the apparent decline in lead exposure since the previous survey and
concluded that efforts should continue to reduce lead exposure from all sources4.

60. Table 2a illustrates that average population dietary exposures have declined considerably since 1976,
with the current population exposure at its lowest level (7 µg/day compared to 26 µg/day in 1997).
Although the JECFA PTWI for lead cannot be considered to be fully protective (i.e. there is an indicative
minimal effect at the PTWI), all population groups’ dietary exposures were well below the PTWI



184

(Table 1). However, drinking water has the potential to increase exposure further in some areas, with
high-level total intake by pre-school children exceeding the PTWI by up to 23%. Lead levels in water
vary over time, even in the same region, and therefore it is highly unlikely that this worst case scenario
would occur over a prolonged period. Estimated worst case total intakes for all other population
groups were below the PTWI.

61. The Committee concluded that adverse effects, if any, are likely to be small at the estimated dietary
exposures to lead. However, since it is not possible to identify a threshold for the association between
lead exposure and decrements in intelligence quotient, efforts should continue to reduce lead exposure
from all sources.

Manganese

62. Manganese is an essential trace element that can exist in a variety of oxidation states. It is neurotoxic at
high levels of occupational inhalation exposure, but there is limited evidence of neurological effects at
lower doses. The extent of neurotoxicity is determined by the oxidation state, with Mn (III) being more
toxic than Mn (II)17. The dose response relationship in experimental animals has not been adequately
clarified and the effects observed in animals may not reflect the subtle neurological effects reported in
humans9. Children might be particularly susceptible to the neurotoxicity of manganese. There is
insufficient information to determine whether there are risks associated with dietary exposure to
manganese and no available health based guidance value.

63. The EVM considered that, based on the results of epidemiological studies of neurological effects
associated with concentrations of manganese in drinking water, total manganese intakes of 12.2 mg/day
for the general population (equivalent to 200 µg/kg body weight/day for a 60kg adult) and 8.7 mg/day
for older people (equivalent to 150 µg/kg body weight/day) would not result in adverse health effects9.
This conclusion was based on a number of assumptions since neither of the two studies used to
establish these guidance values recorded water consumption or dietary manganese intake. The WHO
derived a TDI of 60 µg/kg body weight/day in the Guidelines for Drinking Water Quality59. This was
based on the upper range value of manganese intake of 11 mg/day, identified using dietary surveys, at
which there were considered to be no observed adverse effects. An uncertainty factor of 3 was applied
to take into consideration the possible increased bioavailability of manganese from water. No
information was provided on how these reference doses were set in relation to speciation.

64. The estimated high-level dietary exposure of pre-school children exceeded the EVM guidance value by
approximately 50%. All other estimated dietary exposures were within the EVM guideline values. In the
UK, intake from drinking water would have a minimal effect on total exposure to manganese. Dietary
supplements provide up to 10 mg/day9, which if added to the high level dietary exposure results in a
total intake of 290 µg/kg body weight/day in a 60kg adult, representing 145% of the EVM guidance value.

65. The Committee concluded that there was insufficient information to determine whether there are risks
associated with dietary exposures to manganese. However, the population dietary exposures to
manganese (Table 2b) have remained fairly constant from the time manganese was first included in a
TDS in 1983 (4.6 mg/day) to the 2006 TDS (5.24 mg/day), and there is no basis for assuming any concern
for health.
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Mercury

66. Mercury exists in multiple forms and in three oxidation states (elemental mercury, mercurous mercury,
and mercuric mercury). The properties and chemical behaviour of mercury strongly depend on its
oxidation state and its chemical form. Mercurous and mercuric mercury form numerous inorganic and
organic chemical compounds. Organic forms of mercury are the most toxic following ingestion as they
are absorbed more effectively in the gastrointestinal tract than elemental mercury or inorganic mercury
compounds17. Food is the major source of exposure to mercury in the general population, particularly
methylmercury in fish. There have been no reports of methylmercury being detected in drinking water27.

67. Estimates of average population exposure to mercury have decreased since 1976 (0.005 mg/day), with
the 2006 TDS population dietary exposure (0.001-0.003 mg/day) comparable to that in 2000, when levels
were at their lowest (0.0012-0.0015 mg/day). Mercury concentrations were similar to those reported in
the 2000 TDS except for the fish group, in which the concentration had decreased to 0.056 mg/kg from
0.071 mg/kg in 2000.

68. The estimates of dietary exposure to mercury (mean- and high-level intakes) for all consumer groups
were within or in the region of the PTWI for methylmercury set by the JECFA in 2003 to protect
against neurodevelopmental effects (equivalent to 0.23 µg/kg body weight/day), and endorsed by the
COT5. The estimate for high-level consumption by pre-school children exceeded the JECFA PTWI for
methylmercury by 13%. It is unlikely that all the mercury in the diet is in the form of methylmercury.
Inorganic mercury is less well-absorbed than methylmercury by the oral route, and therefore
comparing dietary exposure to total mercury to the PTWI for methylmercury is a worst case scenario.
The Committee concluded that current dietary exposures to mercury were unlikely to be of
toxicological concern.

Molybdenum

69. Molybdenum is an essential trace element. It does not exist naturally in the metallic state, but occurs in
association with other elements. The predominant form of molybdenum occurring in soil and natural
waters is the molybdate anion, MoO4-2 9. Estimated average population dietary exposures to
molybdenum were comparable to previous estimates (0.123-0.125 mg/day vs. 0.11 mg/day in 1985, 1991 and
1994). There are no health based guidance values for molybdenum and there are few reliable data on its
oral toxicity. The EVM noted that intakes of >1 mg/day could be associated with an increased incidence
of gout-like symptoms but concluded that the maximum molybdenum intake from the UK diet and
drinking water, estimated to be 0.23 mg/day (approximately 4 µg/kg body weight/day for a 60 kg adult),
was not expected to present any risk to health9. There were insufficient data on the safety of
molybdenum intakes in excess of those naturally occurring in the diet for the EVM to provide further
guidance on supplementary intake. Dietary supplements can provide up to 333 µg/day (about 5 µg/kg
body weight/day for a 60 kg adult)9. No data were available for molybdenum in drinking water in the
UK, but the WHO noted that levels are usually less than 0.01 mg/L, which was the value used by EVM in
reaching its conclusions.

70. The Committee concluded that the sparse data on the oral toxicity of molybdenum do not suggest
that the estimated dietary exposures, excluding supplements, give cause for toxicological concern.
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Nickel

71. Nickel is an abundant metallic element that can exist in valency states of 0, +1, +2, and +3. Nickel is usually
analysed in food as total nickel. Therefore the chemical form is unknown, although nickel in food is
normally considered to be in the form of complex bound organic nickel, which may be less bioavailable
than other forms27. The estimates of dietary exposures to nickel for mean - and high-level intake by
pre-school children and high-level intake by young people exceeded (by up to about 2-fold) the total
nickel intake level of 4.3 µg/kg body weight/day, considered by the EVM as a dose that would not result
in effects in non-sensitised individuals9. However, these estimated exposures were within the WHO TDI
of 12 µg/kg body weight/day. Nickel in drinking water could increase high-level dietary exposure by
20-30%, with a potential total high-level intake of 11.1 µg/kg body weight/day for pre-school children.
Dietary supplements can provide up to 5 µg/day (0.08 µg/kg body weight/day for a 60 kg adult)9.

72. The value identified by EVM was based on the LOAEL of 1.3 mg/kg body weight/day from a
multigeneration study in rats given nickel chloride in drinking water, and incorporated an uncertainty
factor of 300. However, the EVM also noted that UK dietary intake of nickel in food was not expected
to result in harmful effects. The WHO TDI was established on the basis of a study in which 20 nickel-
sensitised patients ingested a single dose of 12 µg/kg body weight 61Ni in solution on a fasted stomach
with abstinence from food maintained for a further 4 hours. Nine out of the 20 patients developed
flare-up of symptoms after 12 hours. This dose was considered to be the acute LOAEL and a dose much
higher than would normally be possible through drinking-water and/or with the presence of food in the
stomach. Deriving the total acceptable intake for oral challenge from studies using drinking water on an
empty stomach in fasted patients was, therefore, considered a worst-case scenario27.

73. Previously the COT concluded that the estimated dietary exposure to nickel from the 2000 TDS was
unlikely to be of any toxicological concern for consumers1. Population dietary exposures to nickel have
decreased since 1976 (0.33 mg/day), with the current average dietary exposure at its lowest level
(0.127-0.129 mg/day) and comparable to results from the 2000 TDS (0.13 mg/day). Nickel may exacerbate
contact dermatitis/eczema in pre-sensitised individuals but the COT has concluded previously that
pre-school children are less likely than adults to be sensitised and would therefore not be considered to
be a sensitive sub-group1. The Committee therefore concluded that dietary exposures to nickel were
unlikely to be of toxicological concern.

Palladium

74. The platinum group of metals, which includes palladium, rhodium, and ruthenium, are used in catalytic
converters, which have been fitted to the engines of all new vehicles since 1993. Research has shown an
increase in the concentration of these metals in roadside dust60. There is little information about the
biological effects of platinum group metals in food and at present there is no evidence in relation to
possible adverse health effects from these metals in the general environment61.

75. Palladium was last analysed in a TDS in 1994. Since 1994, estimated average population dietary exposures
have decreased slightly from 1 µg/day to 0.7 µg/day. Based on the estimated population dietary
exposures from the 1994 TDS, the COT previously concluded that from the available data, there was no
reason to believe that intakes of palladium from the diet posed a risk to health2. However, the COT did
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note that the toxicological database on palladium metal and its compounds was extremely limited2.
There are no health based guidance values for palladium. No data are available on levels of palladium in
drinking water in the UK.

76. The WHO concluded that the main source of concern regarding palladium is the sensitisation risk; and
that the available data did not allow identification of a NOAEL for sensitisation in humans62. The WHO
noted that in an unpublished 28-day gavage study in which rats were dosed with tetraamine palladium
hydrogen carbonate at 1.5, 5 or 150 mg/kg body weight/day63, treatment-related abnormalities, confined
to histopathological changes in the spleen and glandular region of the stomach, were observed at 5 and
150 mg/kg body weight/day. The study authors considered 1.5 mg/kg body weight/day to be the NOAEL,
but significant increases in absolute brain and ovary weights were observed in females of this dose
group. The margin of exposure between this sub-chronic rat NOAEL/LOAEL and the highest estimated
dietary exposure (0.056 µg/kg body weight/day; high-level intake by pre-school children) is about 9700.

77. The Committee concluded, based on the limited database and the evidence that exposure had not
increased since 1994, that there was no reason to believe that current intakes of palladium from the diet
pose a risk to health. Analysis of dietary palladium was no longer considered to be a high priority for
future study.

Platinum

78. Platinum was last analysed in a TDS in 1994, when the estimated population dietary exposure was
0.2 µg/day. Platinum was not detected in any of the food groups analysed in the 2006 TDS, resulting in
an estimated average population exposure of 0-2.3 µg/day based on the lower-bound to upper-bound
approach, which is not clearly different from 1994. There are no health based guidance values for
platinum and it is not known what form of platinum, if any, is present in foods. No data are available on
levels of platinum in drinking water in the UK.

79. In 1996, the COT reviewed organometallic platinum compounds in the context of their use as diesel fuel
catalysts. The Committee considered the proposed usage and the projected emissions and noted that,
if the majority of the emissions were in the form of the metal, there would be no risk to health; and
that the platinum emissions from the catalyst were unlikely to be in an allergenic form64. The most
significant health effect from exposure to soluble platinum salts is sensitisation, though there are no
studies of sensitisation by the oral route in humans65. Hypersensitivity reactions to platinum-based
chemotherapy are frequently encountered, including anaphylactic shock66-68. Reactions usually occur
after several courses of treatment, although the pathogenic mechanisms are not fully understood. From
the limited available data from experimental animals, a NOAEL of 13 mg platinum/kg body weight/day
can be tentatively identified from a study in which rats were given PtCl4 in drinking water for 30 days.
The margin of exposure between this subchronic rat NOAEL and the highest estimated dietary
exposure (0.130 µg/kg body weight/day; upper bound estimate for high-level intake in pre-school
children) is 100000. This margin of exposure indicates a low concern for human health at the highest
high-level dietary intake.

80. The Committee concluded that the very low dietary exposures to platinum did not suggest a reason
for concern.
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Rhodium

81. Rhodium was last analysed in a TDS in 1994, when the average estimated population dietary exposure
was 0.3 µg/day. The chemical nature of rhodium in the diet is unknown. Rhodium was not detected in
any of the food groups analysed in the 2006 TDS, resulting in an estimated population exposure of
0-2.3 µg/day (lower-bound to upper-bound range), which is not clearly different from 1994. There are no
health based guidance values for rhodium. No data are available on levels of rhodium in drinking water
in the UK.

82. There are no data in the literature relating to the acute or chronic health effects of rhodium or its
compounds in man and few data from studies in experimental animals. When considering the results of
the 1994 TDS, the COT concluded that there were insufficient experimental and human toxicological
data to be able to make an appraisal of the toxicity of rhodium and its compounds, although, rhodium
compounds would appear to be less potent than their platinum counterparts2. The Committee
concluded that the very low dietary exposures to rhodium did not suggest a reason for concern.

Ruthenium

83. Ruthenium was last analysed in a TDS in 1994. Since 1994, the estimated average population dietary
exposure has decreased from 4 µg/day to 0.03-0.81 µg/day (lower bound to upper bound range). Based
on the estimated population dietary exposures from the 1994 TDS, the COT previously concluded that
from the available data, there was no reason to believe that intakes of ruthenium from the diet posed a
risk to health2. However, the COT did note that there were insufficient data for a full evaluation2. There
are no health based guidance values for ruthenium. No data are available on levels of ruthenium in
drinking water in the UK.

84. There are no data on the human toxicity of ruthenium compounds and limited experimental
toxicological data, although there is some clinical usage as a candidate chemotherapeutic agent.
Ruthenium compounds such as NAMI-A and KP1019 have displayed antitumour activity in Phase I clinical
trials, with data indicating ruthenium compounds to be less potent in toxicity than their platinum
counterparts69-71. The Committee concluded that the very low dietary exposures to ruthenium did not
suggest a reason for concern.

Selenium

85. Selenium is an abundant element that can exist in 4 oxidation states (-2, +1, +2, and +6). In foods,
selenium is generally present as the amino acid derivatives selenomethionine and selenocysteine9.
Selenium was present in 14 of the 20 food groups analysed in the 2006 TDS. The offal (0.77 mg/kg) and
fish (0.42 mg/kg) groups contained the highest concentrations of selenium. Selenium is an essential trace
element. Selenium in drinking water has the potential to increase dietary exposure by approximately
20-30%. Adding potential intake from drinking water to the highest estimated dietary exposure (for
pre-school children) indicates a possible highest total exposure of 5.3-5.6 µg/kg body weight/day (lower
bound to upper bound range), which is below the safe upper level of 7.5 µg/kg body weight/day set by
the EVM in 20039. This safe upper level was based on a LOAEL of 0.91 mg/day, derived from an
epidemiological dietary study in which signs of selenosis (prolonged prothombin time, morphological
changes in the nails, and increased white blood cell count) were observed in individuals with selenium
blood levels of 1.054 to 1.854 mg/L, which were calculated to represent a selenium intake of 0.91 mg/day.
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An uncertainty factor of 2 was applied to extrapolate from the LOAEL to a NOAEL. A larger uncertainty
factor was not considered necessary because the intake of 0.91 mg/day produced only slight effects
and was close to a NOAEL. Dietary supplements can provide up to 0.3 mg/day (5 µg/kg body
weight/day for a 60 kg adult), which together with intake from food and water would not result in the
safe upper level being exceeded in adults.

86. The Committee concluded that the estimated dietary exposures to selenium were not of toxicological
concern.

Strontium

87. Strontium occurs in nature chiefly as the minerals celestite (SrSO4) and strontianite (SrCO3), which are
widespread in rocks and waters. Strontium is present in small quantities in most plants. Strontium was
last analysed in a TDS in 1994, when the estimated average population dietary exposure was 1.3 mg/day,
which the COT concluded to be of no health concern2. The population dietary exposure estimate for
2006 was comparable (1.2 mg/day). There are no health based guidance values for strontium. No data are
available on levels of strontium in drinking water in the UK.

88. There are no epidemiological data concerning the health effects of strontium, although there is a long
history of clinical use of strontium in the treatment and prevention of osteoporosis, and relatively high
levels of strontium (1700 mg/day) have been given without any clear evidence of toxicity. This dose is
equivalent to 28 mg/kg body weight/day for a 60kg adult. The Medicines and Healthcare products
Regulatory Agency (MHRA) issued a warning in November 2007 related to hypersensitivity reactions to
the molecule, strontium ranelate (also known as protelos), a drug used to treat postmenopausal
osteoporosis72. The mechanism of this hypersensitivity is unknown and therefore it is uncertain
whether it is related to the strontium ion, the molecule as a whole or a specific component. In rat
studies, NOAELs of 190 mg/kg body weight/day (bone changes, 20-day study) and 15 mg/kg body
weight/day (increased thyroid and pituitary weights, and increased thyroid activity, 90-day study) have
been reported. The margin of exposure between the human therapeutic dose and the highest
estimated dietary exposure (71.1 µg/kg body weight/day; high-level intake by pre-school children) is 400
(rounded to the nearest 10). The Committee concluded that current dietary exposures to strontium
were unlikely to be of toxicological concern.

Thallium

89. Thallium is ubiquitous in nature and occurs in sulphide ores of various heavy metals (zinc, copper, iron
and lead) at low concentration (<2 mg/kg)73. Thallium has two oxidation states, 1+ and 3+, both of which
can have effects on the central and peripheral nervous systems, the skin, the gastrointestinal tract, the
cardiovascular system, and the kidney. The more water-soluble salts are considered to have greater
toxicity than the salts of lower water solubility17. In areas with a naturally high concentration of thallium
in soil (such as Macedonia), the majority of vegetables, fruits and meat contain less than 1 mg/kg73.

90. Thallium was last analysed in a TDS in 1994. Since 1994, estimated population dietary exposures have
decreased from 2 µg/day to 0.7-0.8 µg/day. The COT previously concluded that there was no evidence
that dietary intake of thallium by the UK population was harmful to health2. There are no health based
guidance values for thallium. No data are available on levels of thallium in drinking water in the UK.
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91. The WHO considered that exposures causing urinary thallium concentrations below 5 µg/L were
unlikely to cause adverse health effects in humans73. In the range of 5-500 µg/L the magnitude of the
risk and severity of adverse effects were uncertain, while exposures giving values over 500 µg/L had
been associated with clinical poisoning73. The estimated daily oral intake corresponding to a urinary
thallium concentration of 5 µg/L was determined to be approximately 10 µg/day as a soluble form of
thallium, or 0.17 µg/kg body weight/day for a 60kg adult. The margin of exposure between this daily oral
human intake and the highest estimated dietary exposure (0.046 µg/kg body weight/day; high-level
intake by pre-school children) is approximately 4. The Committee concluded that current dietary
exposures to thallium were unlikely to be of toxicological concern.

Tin

92. Tin is rarely found as the metallic element in nature but is more usually found combined with other
substances, most commonly as the dioxide9. It has oxidation states of II and IV. Inorganic tin is of low
toxicity, whereas some organotin compounds are potent neurotoxicants, though these are not normally
present in food, beverages or food supplements9,17. No data are available on levels of tin in drinking
water in the UK.

93. The estimates of dietary exposures to tin for high-level intake by pre-school children were lower than
the JECFA PTWI of 2000 µg/kg body weight/day, but exceeded the EVM guidance level of 220 µg/kg
body weight/day by approximately 55%. All other estimated subgroup dietary exposures (mean- and
high-level intakes) were within the EVM guidance level. Dietary supplements can provide up to
10 µg/day (0.17 µg/kg body weight/day for a 60 kg adult), which would not lead to the guidance level
being exceeded by adults. The PTWI, originally set as a provisional maximum tolerable daily intake in
1982, is not directly applicable to long term dietary exposures since it appears to be based on intakes
associated with acute toxicity (the threshold concentration for manifestation of gastric irritation). The
EVM guidance level was based on a NOAEL of 1000 mg/kg diet of stannous chloride (corresponding to
an intake in the range of 22-33 mg tin/kg body weight/day) from a sub-chronic study in rats, in which
anaemia and changes to liver cells were observed at higher doses. The EVM used the lower end of the
NOAEL range (22 mg/kg body weight/day) and an uncertainty factor of 100 to derive the guidance level
of 220 μg/kg body weight/day9. The Committee concluded that the small exceedance of this guidance
level is within an area of uncertainty, but that current dietary exposures were unlikely to be of
toxicological concern.

Zinc

94. Zinc is an essential trace element, occurring in nature as the sulphide, the silicate, and the oxide9. It is
found in virtually all food and potable water. Zinc concentrations in tap water can be much higher than
those of surface and ground waters as a result of the leaching of zinc from piping and fittings27. The
WHO noted that drinking water makes a negligible contribution to zinc intake unless high
concentrations of zinc occur as a result of corrosion of piping and fittings. The WHO did not derive a
guideline value for drinking water quality but noted that drinking water containing zinc at levels above
3 mg/L may not be acceptable to consumers27. Excessive zinc intake interferes with copper absorption,
potentially leading to copper deficiency, which can result in conditions such as anaemia and bone
abnormalities. The current estimated dietary exposures to zinc for all subgroups were below or in the
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region of the EVM safe upper level (700 µg/kg body weight/day) and within the JECFA PMTDI of
1000 µg/kg body weight/day. Dietary supplements can provide up to 50 mg/day (833 µg/kg body
weight/day for a 60 kg adult), which exceeds the safe upper level before taking into account the diet.
The Committee concluded that current dietary exposures to zinc, excluding supplements, were unlikely
to be of toxicological concern.

Conclusions

95. We conclude that current dietary exposures to antimony, cadmium, copper and selenium are not of
toxicological concern. We note that this conclusion with respect to cadmium might need to be
reviewed after the current risk assessment by the European Food Safety Authority (EFSA) is published.

96. We conclude that current dietary exposures to bismuth, chromium, germanium, mercury, nickel,
strontium, thallium, tin and zinc are unlikely to be of toxicological concern.

97. We note that whilst the estimates of dietary exposure to aluminium are not markedly higher than
previous estimates, they present uncertainty with regard to the safety of aluminium in food in light of
new data that led to the recent reduction in the Provisional Tolerable Weekly Intake (PTWI), which is
exceeded by some population subgroups. There is a need for further information on possible sources
and forms of aluminium in the diet and their bioavailability.

98. The data on arsenic appear consistent with previous surveys of total and inorganic arsenic in food,
which we reviewed in 2003. We reaffirm our previous conclusions that current dietary exposure to
organic arsenic is unlikely to constitute a risk to health. Our advice remains that exposure to inorganic
arsenic should be as low as reasonably practicable (ALARP).

99. We note that the tolerable daily intake (TDI) for barium is based on studies in which no effects were
observed and thus may be over-precautionary. Therefore, the estimated exposures, which exceeded
the TDI by up to 4-fold, are not necessarily a toxicological concern. We recommend that further
research be carried out to allow a TDI to be set with more confidence and to investigate the
bioavailability of barium; especially from foods with relatively high levels such as nuts.

100. Population dietary exposures to indium and molybdenum are similar to previous studies and although
there is uncertainty, the sparse data on the oral toxicity of indium and molybdenum do not suggest
that the estimated intakes give cause for toxicological concern.

101. We note that estimates of dietary exposure to lead have not increased since the previous survey. At
these dietary intakes, adverse effects, if any, are likely to be very small. However, since it is not possible
to identify a threshold for the association between lead exposure and decrements in intelligence
quotient, efforts should continue to reduce lead exposure from all sources.

102. We conclude that there is insufficient information to determine whether there are risks associated with
dietary exposure to manganese. However dietary exposures to manganese in adults have remained
fairly constant since monitoring began in 1983, and there is no basis for assuming any concern for health.

103. The toxicological database on palladium metal and its compounds is extremely limited. However, we
conclude that from the available data, there is no reason to believe that current intakes of palladium
from the diet pose a risk to health.
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104. Despite a dearth of information on the effects of low doses of platinum, rhodium and ruthenium, we
conclude that current dietary exposures do not suggest a reason for concern as the levels present in
the food samples tested were very low or undetectable.

105. We recommend that in future research and surveys of elements in food, priorities should include:

● Information on the forms of aluminium in food and their bioavailability.

● Clarification of the large variability in aluminium concentrations in food and whether these
represent an increasing trend.

● Assessment of the bioavailability of barium in nuts compared to barium chloride in water.

● A long-term human study with a large number of subjects to examine the effect of barium on
blood pressure and to investigate renal end-points following oral exposure to barium in drinking
water, to allow a TDI to be set with more confidence.

● Information on the bioavailability of manganese, particularly from beverages that are the principal
contributing food group.

COT statement 2008/08

December 2008
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Statement on Food Standards Agency-funded research on health effects
of mixtures of food additives (T01040/41)

Background

1. Traditionally risk assessment has been carried out on individual chemicals. However, this does not
reflect the real-life situation as humans are seldom, if ever, exposed to single chemicals and all foods
are mixtures of many different chemicals. Chemicals may exert combined effects related to either
concomitant or sequential exposure, depending on their toxicokinetic and toxicological properties. In
recent years concern about the possible “cocktail” effects of mixtures of chemicals, and in particular
possible combination effects at low doses, has stimulated research. In a report in 2002 the COT made
recommendations on approaches to risk assessment of mixtures of pesticides and similar substances1,2,
and in 2004 it considered whether these could be applied to mixtures of additives and contaminants3

and outlined other approaches used for assessing mixtures of additives and contaminants. The COT
also commented4 on the Draft guidance document on “Chemical mixtures: a framework for assessing
risks”5 prepared by the Interdepartmental Group on Health Risks from Chemicals (IGHRC)

2. Table 1 shows the terminology used in describing the toxicology of mixtures.

3. In 2001 the Food Standards Agency commissioned a project (Research on health effects of mixtures of
food additives) which was carried out jointly at Leatherhead Food International, Leatherhead, Surrey
and TNO Quality of Life, Zeist, the Netherlands. As part of an Horizon Scanning exercise at its meeting
on February 5th 2008, the COT was provided with a summary of the results of this project and agreed
it would like to have an opportunity to comment on the full report. This was discussed by the
committee at its meeting on April 1, 2008. To date this project has generated three publications7, 8, 9

with at least two additional ones in preparation.

4. The project set out to build on existing information on the mode of action of a range of food
additives compiled by the ILSI-Europe Acceptable Daily Intake Task Force10, 11. This had identified a
number of additives where different types of combined action were plausible but it was not possible
to predict which were more likely. Four additives that had been shown to cause liver enlargement
were selected (Table 2).

5. Table 2 shows the acceptable daily intakes (ADIs) set by the European Scientific Committee on Food
(SCF) and the Joint FAO/WHO Expert Committee on Food Additives and Contaminants (JECFA) for the
four compounds, and the NOAELs identified by Groten et al.10. For all four compounds, these NOAELs
were based on observations of liver enlargement associated with induction of hepatic enzymes at the
next highest dose Data were collated from a series of different papers, not all of which measured the
same enzymes. The ADIs set by the SCF are currently being reviewed by the European Food Safety
Authority (EFSA), starting with the colours.
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Table 1: Terminology used in describing possible combined actions of chemicals in a mixture (based on COT 2002,
after Cassee et al.6)

The combined effect of agents is
less than would be predicted by
dose or effect/response addition.

sub-additivityantagonism

The combined effect of agents is
greater than would be expected on
the basis of dose-addition (if the
chemicals have the same mode of
action) or response-addition (if they
do not have the same mode of
action).

synergy
supra-additivity

potentiationinteraction

Either response addition or effect
addition. The modes of action and
often the nature and site of effect
differ among the chemicals in the
mixture. “Response” reflects
incidence data and response
addition is determined by summing
the incidence data for each
component in the mixture. “Effect”
reflects continuous data and effect
addition is determined by summing
the effect of each component in
the mixture. Note that response
and effect are sometimes used
interchangeably.

simple independent
action

independent joint
action

simple similar action.

Concentration/dose addition

Chemicals have the same effect on
the body and differ only in potency.
The combined effect can be
estimated from the total dose of all
agents together, after adjusting for
potency.

simple joint action
summation

simple similar actionnon-interaction

- components of a
mixture do not affect
each other’s toxic
response.

Concept of type of Terms used in Synonyms Observed effects
combined behaviour this report
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Outline of the study

6. Studies were carried out in the rat using dietary administration with individual food additives, binary
mixtures of all six pairings of the four compounds and quaternary mixtures of all four compounds. In
addition, in vitro studies were carried out with the individual additives and mixtures of additives in
cultured rat and human hepatocytes, in order to provide a direct comparison of the effects in human
and rat liver.

Table 2: Additives used in the mixtures research

In vivo studies

7. In preliminary range-finding studies, the food additives were fed individually to male Sprague-Dawley
rats for 28 days to determine dietary levels of the compounds for use in the mixtures study and to
identify biomarkers of effect for the individual compounds. Five concentrations (plus a zero control)
were selected for each compound, based on data from the literature and historical data collated from
28 day studies in rats carried out in accordance with good laboratory practice (GLP). Dietary
concentrations were selected to provide target doses of 25 to 1000 mg/kg bw/day for BHT and
curcumin, 20 to 600 mg/kg bw/day for propyl gallate and 10 to 500 mg/kg bw/day for thiabendazole.
The dietary concentrations ranged from 254 to 10154 mg/kg for BHT, from 254 to 10154 mg/kg for
curcumin, from 203 to 6092 mg/kg for propyl gallate and from 102 to 5077 mg/kg for thiabendazole.

8. The highest dose level to be used for each of the compounds in the mixtures study was selected on
the basis of the results of the endpoints examined in the preliminary study, including effects on body
weight, liver weight and the various biomarkers measured (e.g. enzyme activities, mRNA levels). These
highest (100%) dose levels were described by the researchers as being around or at the minimum
observed adverse effect levels in the preliminary study, which differ from the NOAELs in Table 2 cited

Butylated E 321 Antioxidant SCF: 0 -0.05 12 25
hydroxytoluene (BHT) JECFA: 0 -0.3 13

Propyl gallate E 310 Antioxidant SCF: 0 – 0.5 14 135
JECFA: 0 -1.4 15

Curcumin E 100 Colour SCF: ADI not specified16 220
JECFA: 0 -3 17

Thiabendazole E 233 Previously used as SCF: was 0 - 0.3 18 10
as an additive fungicide mainly on JECFA: 0 – 0.1 19

a range of fruits.
No longer permitted

Thiabendazole as a N/A Pesticide and EC: 0.120 10
pesticide and veterinary medicine JECFA: 0.121
veterinary medicine

Additive E Uses ADI NOAEL10
Number (mg/kg bw) (mg/kg bw/day)

Annual Report 2008
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by Groten et al 10. Based on the dietary concentrations and food consumption, the achieved 100%
doses were 333 mg/kg bw/day for BHT, 408 mg/kg bw/day for curcumin, 290 mg/kg bw/day for propyl
gallate and 153 mg/kg bw/day for thiabendazole. The main mixtures study included 27 treatment
groups and a control group, with each compound administered at combinations of 0, 25, 50 and 100%
of the highest dose

9. The rationale for this protocol was to ensure that the 100% dose levels produced clear effects on
some of the parameters measured, so that any effects due to combinations of chemicals in a mixture
might be detected at lower individual dose levels (e.g. 25% of the total) when included in a mixture.
The compounds were administered at 25, 50 and 100% of their maximum dose when given individually.
For binary mixtures the individual compounds were each administered at 25 and 50% of their
maximum dose, such that the total fractional dose added up to 50 or 100%. For quaternary mixtures
the individual compounds were each administered at 6.25, 12.5 and 25% of their maximum dose such
that the total fractional dose was 25, 50 or 100%. This protocol was designed to test if the observed
findings were most compatible with those predicted by effect addition, dose addition or interaction
(synergy or antagonism) based on statistical analysis of the dose response relationship.

10. At the end of the 28 day dosing period the animals were killed, blood was sampled and livers
removed. Clinical chemistry was carried out on the blood samples. The livers were divided to provide
RNA samples for TaqMan® analysis, material for transcriptomics, subcellular fractions for measurement
of enzyme activities and fixed samples for histological examination. Samples from animals of the same
treatment group were pooled for transcriptomics.

11. Analysis of gene expression data on the effect of treatment with BHT, curcumin, propyl gallate and
thiabendazole individually was carried out using a cDNA chip containing about 3000 different
sequence verified rat cDNAs. Microarray analysis was carried out in accordance with the principles of
Minimum Information About a Microarray Experiment (MIAME)22. Analysis of samples from the
mixtures study was conducted using the Affimetrix GeneChip platform which provided a more robust
system and a much larger number of probe sets (15923). Functional analysis of gene expression changes
was performed using T-profiler23, which is a TNO in-house (toxico)genomics database and analysis tool
that allows comparison of systems toxicology/genomics datasets at the level of networks and
pathways.

12. Predicted data for mixtures were derived from additivity surface equations obtained from response
curve modelling for the individual additives. If measured data for mixtures were significantly different
from predicted data, either on the assumption of dose or effect additivity, it was assumed the
combined effects reflected interactions.

In vitro studies

13. Studies were performed to investigate the food additives and food additive mixtures in cultured rat
and human hepatocytes using a 72 hour incubation period. Rat hepatocytes were treated with
40 concentrations of either individual food additives or mixtures of food additives. Chosen biomarkers
of effect were CYP1A2 and CYP2B1 mRNA levels and 7-benzyloxy-4-trifluoromethylcoumarin (BFC)
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O-debenzylase activity. (BFC is a substrate for CYP1A2 and CYP2B1). The human hepatocyte study
consisted of a control and 27 concentrations of either individual food additives or mixtures of food
additives and CYP1A2, CYP2B6 and CYP3A4 mRNA levels as biomarkers of effect. CYP1A2 mRNA was
therefore the only parameter measured in both rat and human hepatocytes.

Brief Summary of the Results

14. The authors concluded that, for body weight and liver weight, most of the findings were consistent
with dose addition. In most cases liver weights showed no substantial deviations from predicted
values either in binary or quarternary mixtures. In the quarternary mixture with a total fractional
concentration of 100% (25% of the maximum dose of each additive), the measured liver weight was
122% of control compared to the predicted value of 108% of control, indicating some deviation from
the predicted value. However, as significant deviations from predicted values were not seen for liver
weights in binary mixtures containing curcumin and propyl gallate, these results were considered by
the authors to be primarily due to the relatively high dose levels of BHT and thiabendazole, both of
which produced significant increases in relative liver weight without any evidence of hepatotoxicity.

15. The largest difference between predicted and measured values was for CYP1A2 expression, with all
binary and quaternary mixtures showing antagonism. Apart from mixtures of BHT plus curcumin, this
appeared to be a dose-dependent effect. Also, for all of the binary mixtures, at least one of the dose
groups was not compatible with the concept of dose addition. Therefore, it is likely that antagonistic
interactions occurred between these mixtures with respect to CYP1A2 mRNA expression.

16. Although curcumin alone did not induce the activity of glutathione S-transferase (GST), the induction
observed with the combination of BHT and curcumin exceeded that seen with BHT alone, indicating
an interaction. The induction was more pronounced for activity with 1,2-dichloro-4-nitrobenzene
(DCNB), a marker of GSTmu forms, than with 1-dichloro-2,4-nitrobenzene (CDNB), which is a more
general substrate for the different forms of GST.

17. Thiabendazole was found to have the most marked effects on the gene expression profile and also
had a dominant effect in studies with binary and quaternary mixtures. Although curcumin and propyl
gallate had only modest effects on gene expression and enzyme activity when administered
individually, marked effects on gene expression were seen with binary combinations of these
compounds.

18. In the studies conducted in rat and human hepatocytes, some quaternary mixtures produced
antagonistic effects on CYP1A2 mRNA expression, as seen in the in vivo study. Both sub- and supra-
additive deviations from predicted values were observed in the expression of CYP2B1 (rat), CYP3A4
(human) and CYP2B6 (human) with some binary and quaternary mixtures, but there was no consistent
pattern across species or between the in vitro and in vivo studies.

19. In summary, no evidence of combination effects leading to overt toxicity was apparent with the
conventional toxicological endpoints, whereas some interactions were observed for induction of GST
activity and at the genomic level using transcriptomics.

Annual Report 2008



209

Previous COT evaluations of relevance to mixtures

20. In 2004, the COT agreed general conclusions on mixtures of chemicals in food, extending the
conclusions of its 2002 report2 to take account of the possibility that exposure to some food
additives and ingredients of very low toxicity may be much higher than exposure to pesticides and
veterinary medicines”3. These conclusions were:

i. “Because of the complexity and variability of chemical mixtures that may occur in the
environment, risk assessment of any toxic effects of chemical mixtures is extremely difficult. Most
experimental work has been directed at toxic effects due to combined actions on biological
systems at relatively high levels of exposure in laboratory experiments in laboratory animals or
using in vitro systems.

ii. Direct chemical reactions can occur between the components of a mixture: there are relatively
few studies of these substances that have investigated such reactions.

iii. Several studies claim to have identified synergistic interactions of some mixtures. However, for
the most part, these studies have been inadequately designed and based on an incomplete
understanding of the concepts involved, but a few well-designed studies have demonstrated the
occurrence of both synergistic and antagonistic interactions, as well as additive effects in
mixtures. These effects have usually been demonstrated at high concentrations or high
experimental exposure levels, which are probably unrepresentative of exposure doses to
chemicals present at very low levels in food.

iv. Some interactions may not be easy to predict, such as those that may occur at the transcriptional
level of the genome or second messenger signalling pathways.

v. The type of combined action or interaction found at clearly toxic effect levels may not predict
what will happen at non-toxic levels, including levels only slightly lower than the lowest observed
adverse effect levels (LOAELs).

vi. In relation to most examples of possible human exposure to multiple residues, it will be important
critically to evaluate whether any effects are likely to occur at low levels of exposure, such as
those that will occur through food and water.

vii. Studies in vivo with chemicals that exhibit the same mode of action in the same target organ
have shown that the effects of mixtures of similarly acting toxicants show additivity (dose
addition), which results from simple similar action. This is the case, over the whole dose range.

viii. It is essential to know what happens at non toxic levels, including exposure levels just below the
LOAEL, in order to assess the health risk for humans exposed to mixtures of pesticides, veterinary
drugs and similar substances. Generally, when exposure levels of the chemicals within a mixture are
in the range of the NOAELs, and the components of the mixture have different modes of toxic
action, no additivity and no potentiating interactions are found, indicating the applicability of the
basic concept of "simple dissimilar action”, which suggests that adverse reactions would be unlikely.
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ix. Some studies (acute and subacute toxicity, genetic toxicity, carcinogenicity) have addressed the
combined effect of mixtures of pesticides and in a few studies clear cases of potentiation were
observed in animals exposed to levels of toxic substances showing adverse effects of individual
compounds. However, direct extrapolation of these findings to much lower dose levels is not
valid. Thus the probability of any health hazard due to additivity or potentiating interaction of
mixtures of pesticides at (low) non-toxic doses of the individual chemicals is likely to be small,
since the dose of pesticides to which humans are exposed is generally much lower than the
NOAEL, at least through food.

x. Some endpoints that have been studied in animals or in in vitro systems are relevant to groups in
the population believed to be at higher risk than the general population. Such endpoints include
developmental toxicity studies, endocrine and neurotoxic effects and genotoxicity studies. On
the basis of limited information it seems likely that the default assumptions in relation to mixtures
in children and pregnant and nursing mothers, would be the same as for the rest of the
population.”

COT Assessment of the current research project

21. Important interactions between some toxicants are known to occur at relatively high doses (i.e. above
their individual effect levels). Most of the evidence for such phenomena relates to pharmaceuticals.
Exposures to chemical contaminants in food, consumer products and the environment are generally
well below individual effect levels. Many of the mechanisms that underlie demonstrable interactions
at high doses would not be expected to cause important interactions at the much lower doses used
in this study. For example, major modification of metabolic activation or detoxification by enzyme
induction or competitive inhibition is unlikely. The limited empirical evidence currently available
provides no indication of important toxic interactions at low doses, although in some circumstances
dose additivity can lead to effects from combinations of toxicants at doses of the individual
compounds below their effect levels.

22. Testing for possible interactions between toxicants is complicated as often more than one measure of
effect could be used, and additivity in relation to one effect measure will not necessarily imply
additivity for another. For example, an effect on liver size could be characterised either by the
average increase in liver weight at a given dose, or by the proportion of animals at that dose with
more than a specified increase in liver weight. If individual doses of two compounds were just below
those necessary to increase liver weight above the specified value, their combination could be
additive in respect of average increase in liver weight (effect addition) but more than additive in
respect of the proportion of animals with liver weights exceeding the specified increase (response
addition). If another measure of effect were adopted, based on a linear measure of liver size (e.g.
maximum “diameter” in mm), by definition this could not demonstrate additivity if effects on average
liver weight (which varies as the cube of its linear dimensions) were additive.

23. In the new research project there was no evidence of interactions leading to overt toxicity with the
“conventional” endpoints employed, and therefore the rationale for investigations at the genomic
level was queried. Many of the endpoints studied have no clear role in toxicity and others may not be
relevant to toxicity in humans. For instance the measurement of induction of xenobiotic-metabolising
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enzymes was not focused on enzymes with a known role in toxicity, making it impossible to predict
toxic effects that might result following induction of these enzymes. If the mode of action of
induction for the chosen biomarkers was known to be a key event in the pathway leading to an
adverse effect, there would be a far more plausible rationale for analysing the chosen gene. For
example CYP2B induction could serve as a biomarker for activation of the constitutive androstane
receptor (CAR), a key event in the hepatocarcinogenic effects of certain compounds. However, as
analysis of the mode of action for the chosen biomarkers was not carried out, their role if any, in
leading to adverse effects of the compounds (i.e. the four additives) is unknown.

24. The use of a very limited range of biomarkers, not necessarily reflecting adverse effects, meant that
the dosing schedule used in this study might not have covered a sufficiently wide dose range to
identify thresholds for adverse effects.

25. The study provided an opportunity to explore the use of transcriptomics in mixtures toxicology, but
the design was not optimal and the rationale for the timing of these investigations at the genomic
level was questioned. For transcriptomics analysis, samples are usually taken early in the study in order
to identify direct effects of the treatment rather than secondary effects, for example resulting from
pathological changes. In addition it is necessary to follow the time course of the changes from early
on, and these should be anchored to some toxicological response to allow adequate interpretation
("phenotypic anchoring"). The timing of events will vary depending on the nature of the effects. At
the present time, knowledge on the sequence of events in time is very limited, so that changes in the
expression of certain genes could represent either a prelude to toxicity, homeostatic regulation or
adaptation. Currently, it is often not possible to distinguish between these possibilities, and in the
absence of any clear signs of toxicity, this becomes even more problematical. As time from the initial
exposure increases, the possibility that any changes in gene expression may represent secondary
effects, possibly due to homeostatic regulation, also increases. Hence, in-depth knowledge of the
consequences of specific gene/pathway changes is required, not just qualitatively but also
quantitatively. However, in the absence of any observable toxic response in the current study,
secondary effects are unlikely.

26. For both propyl gallate and curcumin there were no changes in CYP levels on an individual basis, but
small changes in gene expression were observed when these additives were tested in combination. In
the absence of pathological changes, the significance of this is unclear.

27. The design allowed for testing of compatibility of the measured effects with predicted data for binary
and quaternary mixtures, according to accepted principles in mixtures toxicology. A number of
statistically significant deviations from combined effects predicted on the basis of effect additivity
were observed. It was difficult from the way in which the data were reported to ascertain their
biological significance. For example, information on the background variability in the responsive genes
would have been of value, as would the extent to which allowance was made for the multiplicity of
comparisons and whether the deviations observed were biologically coherent. However, as samples
used for transcriptomics were pooled, such data could not have been obtained. Dose-dependency of
a number of the changes was limited. This made them difficult to interpret in the context of mixtures
toxicology.
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Interpretation

28. Members did not consider it surprising that in this study on food additives, deviations from effect
additivity differed for liver weight and the various molecular markers. The small deviations for some of
the metrics were considered to be of limited importance. In practical terms when exposures are at
low doses, what matters is whether large deviations from effect additivity could occur that could lead
to important toxicity well above any that would be expected from the individual components of a
mixture. There was no indication of such a phenomenon in these data. The deviations from effect
additivity for the various molecular markers were generally less than two-fold, but with a few (one in
vivo for CP1A2 mRNA and two in vitro for BFC O-debenzylase activity) up to about eightfold.

29. In assessing the toxicity of mixtures, the effects of combined exposure can be determined either by
direct study of the mixture or by prediction, based on assumptions about how the components of
the mixture might interact. The latter strategy requires fewer resources and fewer animals. The
present study demonstrated little deviation from effect additivity for “conventional” endpoints and
did not reflect a potential for adverse health effects. In addition some of the hepatic changes may
not be relevant to humans and this needs to be taken into account.

30. Because of the absence of overt toxicity at the doses given, findings relating to mode of combined
action of the four additives investigated were of very limited value in exploring the possibility that
these data could be used to predict additive or greater than additive, changes in toxicity.

31. The choice of compounds studied in this research was based on possible effects on the liver. It was a
logical approach for an initial grouping to be based on morphological or adverse effects in the liver
but the rationale for grouping these compounds on the basis of effects on xenobiotic-metabolising
enzymes is less clear. Whereas some effects other than changes in xenobiotic-metabolising enzymes
were measured in vivo, the hepatocyte studies only looked at cytotoxicity and changes in CYP mRNA
levels and enzyme activities. Hence, the applicability of studies in hepatocytes to explore potentially
adverse effects of mixtures cannot be determined from this study. Synergistic effects were found in
mRNA expression levels with some mixtures that had no measurable effect on any other parameter.
The biological relevance of such effects is not known and no adverse or other effect was observed in
a 28-day toxicity study. However, if the mixture had been tested and such changes had been seen,
there might be some basis for investigating further.

33. These results demonstrate that transcriptomics analyses cannot be used routinely in risk assessment
of mixtures, since interpretation of the data, and the relevance to risk assessment are unclear unless
they can be linked to conventional toxicological endpoints.

34. Results obtained for the compounds tested in this project did not suggest that these mixtures would
lead to adverse effects in humans, or suggest important toxic interactions at the low doses to which
consumers would be exposed. However, due to limitations in the study, it was difficult to assess
whether there might be a risk from low level combined exposures. This was because the choice of
endpoints was often not informative of possible human health effects. No analysis of mode of action
was undertaken and no toxicity data were generated in vitro with mixtures of the compounds.
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Comparisons of human intake with the maximum combined exposure when no adverse effects were
detected might provide useful information on the risk of mixtures of these compounds. In addition,
rather than focus on biochemical changes it might have been more productive to look for effects,
such as morphological changes that might have been predicted to occur based on available
information on the four compounds and their effects in the liver.

35. The results of this study do not suggest important toxic interactions at low doses for the additives
tested.

Priorities for future research

36. Priorities for future research remain to test the basic assumptions of mixture toxicology, including the
application of modelling approaches. It might be possible to use hepatocytes, though this approach
requires further consideration to identify relevant endpoints. Compounds could be included on the
basis of target organ (and/or cell type), mode of action (e.g. cytotoxicity, cell proliferation), or
mechanism of action (e.g. direct-acting or activated by specific P450 enzymes; constitutive androstane
receptor or the peroxisome proliferator-activated receptor α (PPARα) activator).

37. Endpoint selection should be based on relevant key events and on toxicological effects of relevance
to human health. At least one mixture should comprise compounds all at or below their respective
NOAELs. The applicability of transcriptomics (and other “omics” technologies) to this problem needs
further investigation. Factors that should be taken into account include sample timing, dose-response
analysis, statistical robustness, and background variability in expression and biological coherence, e.g.
through pathway analysis.

38. Additionally it may be useful to test the robustness and try to reproduce the finding on CP1A2 that
suggested a larger deviation from effect additivity.

Committee Conclusions

39. We consider that this study, which was substantial and complex, was carried out to high technical
standards. However, at the doses studied, no overt toxicity was observed with the four additives
either individually or in combination. Without using dose levels that demonstrate relevant toxicity or
being able to extrapolate to such levels it is not possible to interpret the results of the transcriptomics
studies with respect to implications for risk assessment.

40. We conclude that the new research does not raise concerns that combined exposure to the four
compounds tested would pose a risk to health at doses individually below the Acceptable Daily Intakes.

41. Further work is needed to determine the applicability of transcriptomics in the risk assessment of
mixtures.

COT statement 2008/09
December 2008
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University of
Canberra

Response Genetics

The Forensic
Institute

GlaxoSmithKline

Carillion
Computacenter
Ecofin
Friends Provident
Hochschild Mining
Plc
Informa
Legal General
Mapeley
Melrose
Senior
St Ives
St James Place
Capital
TT Electronics
Venture Production

Consultant

Consultant

Consultant

Shareholder

Shareholder

Shareholder

EMMS Nazareth
Melville Trust
Medical Research
Scotland

Alma Diagnostics

Yorkshire Cancer
Research

DoH GTAC

HPA Committee on
Carcingenicity

CRUK Science Strategy
Advisory Group

Biomedical &
Therapeutics Res
Comm. (Scotland)

Society for
Endocrinology

Journal of
Endocrinology

Current Opinions in
Endocrinology and
Diabetes

Bayer

Trustee
Trustee
Trustee

Research Collaboration

Scientific advisory
committee

Vice chair

Member

Member

Member

Council member and
Education Advisor

Member of the editorial
board

Departmental Research
Funding
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Personal Interest Non Personal Interest

MEMBER COMPANY INTEREST COMPANY INTEREST

Professor Justin
Konje

Dr Geraldine
McNeill

Professor Ian
Morris

Dr Nicholas Plant

Dr David Ray

Smith & Nephew
Diageo
Café Direct
BHP Billiton

Takada
Pharmaceuticals

Society for
Endocrinology

Society for
Medicines Research

Society for study of
fertility

British Society for
Toxicology

NONE

University of
Nottingham

ZLB Behring
(Switzerland)

Astellas
pharmaceuticals

CEFIC ESAP

Shareholder

Consultancy

Membership

NONE

Employee

Consultancy

Consultancy

Independent
advisor

World Cancer
Research Fund

Xenobiotica

British Toxicology
Society

Pfizer
GlaxoSmithKline
AstraZeneca

Grant panel member

Son is a student fellow
of British Heart
Foundation

Associate Editor

Member of Education
sub-committee

Research Funding
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Personal Interest Non Personal Interest

MEMBER COMPANY INTEREST COMPANY INTEREST

Professor Ian
Rowland
(membership
ceased as of 31
March 2008)

Dr David Tuthill

Miss Alison Ward

Mrs Alma Williams

Alpro Foundation

European Natural
Soybean Association

Glanbia

Danone

Clasado

Woolwich
Halifax

Cardiff & Vale NHS
Trust

SMA
Nutricia
Milupa

NONE

NONE

Consultancy

Shareholder

Salary

Consultancy

NONE

NONE

ILSI Europe

Kelloggs
Cereal Partners

Geest

Vitacress

Yakult UK

Unilever

Masterfoods

Scottish Crops
Research

Royal College of
Paediatrics and Child
Health

Welsh Paediatric
Society

British Society of
Paediatric
Gastroenterology,
Hepatology and
Nutrition

Paediatric Research
Society

British Association of
Parenteral and Enteral
Nutrition

Nutrition Society

British Society of
Clinical Allergy and
Immunology

Farm Animal Welfare
Council

NONE

Partner in EC funded
project

Funds received from
these sources for
Departmental research

Fellowship

Member

NONE
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